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Figure. 7: Restriction nap of pDH6. See figure 6 
for legends to symbols. 
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DNA FRAGMENT 



Background of Invention 



Field of Invention 

The present invention relates to a DNA fragment isolated from a C. glutamicum strain coding for PEPC 
and to recombinant DNA carrying said fragment, strains carrying the recombinant DNA and to the method 
for producing L-amino acids using said strains. 



Description of the Prior Art: 

The enzyme phosphoenolpyruvate carboxylase {EC 4.1.1.3.1 ; PEPC) is of particular interest in the 
metabolism of amino acids, since it is involved in a so-called anaplerotic function, which ensures a constant 
supply of oxaloacetate to the cell. 

Oxaloacetate in turn occupies a central position in the metabolism of amino acids, both as the 
immediate precursor of L-aspartate and as a member of the tricarboxylic acid (TCA) cycle. Indeed, amino 
acids such as L-lysine. L-methionine, L-threonine and L-isoleucine derive from L-aspartate in a series of 
branched and highly interregulated biosynthetic pathways, whereas amino acids such as L-glutamate, L- 
glutamine, L-proline. L-arginine. L-citrulline, L-ornithine etc. derive from intermediates of the TCA cycle. 

Thus, PEPC ativity is implicated in the biosynthesis of all the amino acids hereabove mentionned. 

It is apparent from the above considerations that the biosynthetic levels of amino acids, such as L- 
lysine, might vary depending on the intra-cytoplasmic specific activities of enzymes such as PEPC. 

Considering the important role played by PEPC in the biosynthesis of amino acids, it has always been 
desirable to try to provide improved means for the production of amino acids by increasing the activity of 
PEPC. 

For example, European Patent Application EP-A-0143195 discloses the cloning of the ppc gene isolated 
from Brevibacterium lactofermentum ATCC 13869 and the transformation of bacteria~of the genera 
Corynobacterium with a recombinant plasmid. carrying said gene in order to produce L-Iyslne or threonine. 

The prior art has also described Corynobacterium melassecola strains transformed with a recombinant 
plasmid DNA carrying the ppc gene of Cmelassecola. 

These strains show an increased PEPC activity, but no evidence is provided for an increase of amino 
acid production (FR-A-2581653). 

There is no suggestion in these publications to enhance the fermantative production of amino acids, 
especially L-lysine, by cloning the ppc gene isolated from Corynebacterium glutamicum. 



Summary of the Invention: 

The inventors have discovered that, when introducing the genetic information coding for PEPC into an 
appropriate vehicle capable of replicating in Corynebacteria or Brevibacteria. and the resulting hybrid 
vehicle carrying said genetic information is replicated in an appropriate Corynebacterium or Brevibacterium 
host or recipient, the transformed microorganism is an excellent producer of L-amino acids, especially L- 
lysine. 

This invention is of particular interest since many strains of Brevibacterium and Corynebacterium 
genera producing high amounts of L-amino acids can be utilized as hosts. 

The invention thus relates to a process for the fermentative production of L-amino acids and to the 
various genetic and microbiological elements involved in said process. For example, the invention relates to 
the isolated form of the gene for PEPC, to various vehicles containing said gene, which vehicles are 
replicable in above mentioned bacteria, to various microbes of said microorganisms containing such 
vehicles, and to various fermentation processes for the production of L-amino acids. 



Description of the Preferred Embodiments: 
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The present invention relates to a DNA fragment isolated from a C.glutamicum strain containing a 
genetic sequence comprising information coding for the production of a protein having the activity of 
phosphoenolpyruvate carboxylase (PEPC). 

The donor may be one which is either mutated in ppc gene, or which is wild type in ppc gene. 

5 The DNA fragment consists essentially of 3422 base pairs, is flanked at its terminii by Sal I restriction 
sites and is coding for the production of PEPC, which shows the N-terminal amino acid sequence Thr 1 - 
Asp -Phe - Leu - Arg 5 -Asp - Asp - lie - - Arg - Phe 10 -Leu - Gly - Gin - lie - Leu ,s . 

The structural gene coding for PEPC consists of 2757 base pairs. 
The PEPC of interest is not stimulated by acetyl CoA. 

ro A recombinant DNA containing a DNA fragment consisting of the ppc gene can be constructed 
according to conventional methods for example, by digesting chromosomal DNA and vector plasmid with a 
restriction enzyme, followed by treatment with a DNA ligase or by digesting chromosomal DNA and vector 
plasmid with a restriction enzyme, followed by treatment of cleaved terminals with terminal transferase, 
DNA polymerase, etc., and succesive treatment with a DNA ligase. etc. (Methods in Enzyrnology 68 (1979)). 

is To isolate the ppc gene, a genomic bank of C.glutamicum ATCC 13032 was constructed in the plasmid 
pUCl8. a vector commonly used for cloning in the gram negative bacterium E. coli. The ppc gene was 
isolated by complementation of known E. coli mutant strains affected in the corresponding genes. 
Candidates clones were analysed and shown both* genetically and enzymatically to bear inserts containing 
the sought after gene. 

20 The ppc gene was later subcloned onto so-called plasmid shuttle vectors (vehicles) allowing its 
propagation in both E., coli and the original Corynebacterium host, or any type of glutamate producing 
strain, in order to provide a recombinant DNA molecule containing the new DNA fragment inserted in a 
vector capable of replication in a glutamate producing strain. 
Of particular interest are the vectors pZ1 and pCV 22. 
25 Plasmid pZ1 comprises a drive unit region capable of propagating in Coryneform glutamic acid 
producing bacteria and E.coli. and having at least a region to express resistance to a drug. 
pZ1 is disclosed in the German Patent Application 37 37 729.9. 

pCV 22 is an essentially pure plasmid. which is characterized by a length, of 4.5 kb and a restriction 
endonuclease clevage chart shown in Figure 6. 
ao The vectors can be obtained from the cells of microorganisms on deposit, by lysing the cells according 
to the state of art. 

The recombinant DNA containing the ppc gene of wild type or mutant type can be introduced into 
microorganisms preferred of the genus Corynebacterium or Brevibacterium by known transformation 
methods. 

35 Vehicles capable of replication in said microorganisms are the plasmids pDM 2 or pDM 6 (restriction 
maps shown in Figure 5 and 7). 

C.glutamicum, C.melassecola, B.lactofermentum and B.flavum are preferred as recipients or hosts, 
especially bacteria already known for the production of amino acids. 

For the expression of the ppc gene in the transformed strains, any promoter known as efficient in 
40 Corynebacterium or Brevibacterium can be used. They may be endogenous promoters of these strains, that 
is promoters controlling the expression of genes originally belonging to the strain. They may also be 
exogenous promoters, among which the promoter ptac, plac, ptrp. P B and P t of phage K can be 
mentionned. 

A further object of the invention is a process for the production of an amino acid selected especially 
45 from the group L-lysine, L-methionine, L-threonine, L-isoleucine, L-glutamate, L-glutamine. L-proline, L- 
arginine, L-citrulline and L-ornithine especially L-lysine, 

The methods of culturing the L-amino acid producing strains thus obtained are conventional, and are 
similar to the methods for the cultivation of known L-amino acids producing microorganisms. 

The culture medium employed can be a conventional medium containing carbon sources, nitrogen 
50 sources, and organic ions and, when required, minor organic nutrients such as vitamins and amino acids. 
Examples of suitable carbon sources include glucose, sucrose, lactose, starch hydrolysate and molasses. 
Gaseous ammonia, aqueous ammonia, ammonia salts and other nitrogencontaining materials can be used 
as the nitrogen source. 

Cultivation of the transformed organisms containing the vehicle carrying the ppc gene is conducted 
55 under aerobic conditions in which the pH and the temperature of the medium are adjusted to a suitable 
level and continued until the formation of L-amino acid ceases. In a preferred embodiment a transformed 
Corynebacterium glutamicum is used, selected from the group of those having the identifying characteris- 
tics of Corynebacterium glutamicum DSM 4697 deposited under the provisions of the Budapest Treaty on 
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July 8, 1988 at Deutsche Sammlung von Mlkroorganismen (DSM). 

The amino acids, which accumulate in the culture medium, can be recovered by conventional 
procedures. 

By the methods of the present invention, L-amino acids, especially L-lysine, can be produced in higher 
5 yields than has been achieved in previously known methods using artificial mutants of Brevi bacterium and 
Corynebacterium. 

Having generally described this invention, a further understanding can be obtained by reference to 
certain specific examples, which are provided herein for purposes of illustration only, and are not intended 
to be limiting, unless otherwise specified. 

10 

1. Isolation of the Corynebacterium glutamlcum ATCC13032 ppc gene. 



;5 1.1 Construction of genomic bank of (X glutamlcum ATCC13032 

Total DNA from C. glutamicum ATCC13032 was Isolated as described by Chater et al. (Curr. Topics 
Microb. Immunol. 96, 69 pp (1982)) and partially digested with Sau3AI. Fragments ranging in" size from 4-20 
kb were purified from low melting temperature agarose. The DNA solution, was dialyzed against 2 L of TE 

20 buffer (Tris 10 mM, EDTA 1 mM). 2 ug of size fractionated chromosomal DNA was ligated using T4 DNA 
Ugase with 1 ug of plasmid pUC18 (Yanish-Perron, C. et al. (1985) Gene 33. 103 pp) which had been 
digested with BamHI and treated with alkaline phosphatase. ~" 

E. coli NM522 (Gough, J.A. and Murray, N.E. (1983) J. Mol. Biol. 166, 1 pp) was transformed according 
to Hanahan (J. Mol. Biol. 166, 557 pp (1983)) with the ligation mixture and transformants were selected at 

25 37°C on LB agar plates (Davis, R.W. et al. (1980) Advanced Bacterial Genetics, Cold Spring Harbor 
Laboratory) containing ampiciliin (100 ug/ml) and 5-bromo-4-chloro-indolyl-/9-D-galactopyranoside (X-gal, 50 
ug/ml). 80 % of clones were colourless on X-gal plates, indicating the presence of inserted DNA. To 
estimate more precisely the efficiency of cloning, plasmid DNA from 46 colourless clones was examined by 
restriction enzyme digestion : 7 % of clones contained no inserts; 41 % of clones contained small inserts 

30 with an average size of 0.5 kb; 52 % of clones contained inserts ranging in size from 1 .35 kb to 8.5 kb with 
an average size of 5 kb. 

In total 10 4 clones were obtained upon transformation of strain NM522. These clones were pooled in 4 
families (CgSA, CgSB. CgSC and CgSD) and plasmid DNA was prepared by CsCI-EtBr density gradient 
centrifugation. 

35 

1.2 Cloning of the ppc gene 

Competent cells of E. coli XH11 (Mountain, A. et al.(1984) Mol. Gen. Genet 197, 82 pp) were 
40 transformed with 5 x 200 ng of each of the families of the C. glutamicum gene bank. Transformation mixes 
were spread on M9 agar (Miller, J.H. (1972) Experiments in Molecular Genetics, Cold Spring Harbor 
Laboratory) plus arginine (50 ug/ml) and ampiciliin (100 ug/ml) and on LB plus ampiciliin (100 ug/ml). A 
transformation frequency of 10*/ug was obtained on LB plus ampiciliin. 108 clones were isolated on M9 
agar containing arginine and ampiciliin from the transformation with family CgSD. Restriction enzyme 
46 digestion of isolated DNA indicated that ail clones contained the same plasmid. The plasmid (pTGl200) 
consisted of pUC18 plus an insert of approximately 5 kb. A restriction map of the insert of pTGl200 is 
shown in Figure 1. Retransformation of XH11 by pTGl200 led to complementation of the ppc mutation. 
Southern hybridisation (Maniatis. T. et al. (1982) Molecular Cloning. Cold Spring Harbor Laboratory) 
confirmed that chromosomal DNA of C. ^luTamicum ATCC13032 had been cloned in pTG1200. 

so 

1.3 Localization of the ppc gene on the cloned DNA fragment 

To better localize the ppc gene, subcloning experiments were undertaken. Digestion of pTG1200 with 
55 Sail generates an internal fragment of 3.5 kb (Figure 1). pTG1200 digested with Sail was ligated with Sail 
cut pBR322 (Bolivar, F. et al. (1974) Gene 2, 95 pp). To eliminate religated pTG1 200 molecules the ligation 
mixture was digested with Xba l. E.' coli XH11 was transformed with the ligation mixture and plated on M9 
agar containing arginine and ampiciliin. Plasmid DNA of complemented clones was examined and found to 
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consist of pBR322 plus the 3.5 kb Sail fragment of pTGl200. 

The constructed plasmid was designated PTG1201 
XH11pTG1201. 



(Rgure 2) and the corresponding strain 
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1.4 Measurement of enzyme activity in C. glutamlcum ATCC13032 and in E. coli clones carrying a 
recombinant plasmid containing the DNA fragment with the C. glutamicurrT ppc"gene. 

Phosphoenolpyruvate carboxylase activity was assayed in C. glutamicum ATCC13032 and in E. coli 
strain XH11 P TG1201. E. coli strain MM294 (Hanahan, D. (1983) J. MoT Biol. 166. 557 pp) was usecTaTa 
positive control and strain XH11 as negative control. C. glutamicum ATCC13032 was cultivated in MMYE 
medium (Katsumata, R. et al. (1984) J. Bact. 159, 306 pp) and E. coli strains in M9 medium supplemented 
with arginine (50 ug/ml) and ampicillin (100 ug/ml) in the case of XH11/pTG120l, with thiamine (200 ug.l) in 
the case of MM294 and with sodium succinate (5 g/l) and arginine (50 ug/ml) in the case of XH11. The 
growth conditions were 37°C and 150 rpm for E. coli strains and 30°C and 150 rpm for C. glutamicum. 

The cultures were harvested by centrifugation at the beginning of the stationary phase of growth and 
washed three times with a buffer composed of 100 mM Tris/Hcl pH 7.5 and 1 mM DTT. Disruption of the 
cells was performed in a glass bead mill (MSK-Homogenisator; B. Braun Melsungen, FRG). PEP carbox- 
ylase activity in the clear supernatents was determined after extensive dialysis against 100 mM Tris-Hcl pH 
7.5; 0.8 M (NrVSO*; 1 mM DTT. The modified malate dehydrogenase coupled assay (Ozaki, H. and Shiio, 
J. (1969) J. Biochemistry 66. 297 pp) was used and NADH disappearance was followed photometrically at 
340 nm. The assay mixture included the following components: 6 mM PEP; 10 mM NaHC0 3 ; 100 mM 
Tris/HCI pH 7.5; 0.15 mM NADH; 2 U/ml malate dehydrogenase (pig heart); 3.3 mM MnSO*'and PEP 
carboxylase preparation in a final volume of 1 ml . Unspecific NADH decomposition was measured before 
starting the reaction by addition of Mn*\ Protein concentration was determined by the methods of Lowry et 
al. (Lowry.O.H. et al. (1951) J. Biol. Chem. 193, 265 pp) or Bradford et al. (Bradford. M.M. (1976) AnalyT 
Biochem. 72. 248 pp). ~ 

The data shown in Table 1 confirm that the 3.5 kb Sail DNA fragment cloned from C. glutamicum 
ATCC13032, contained in plasmid pTG1201, encodes the phosphoenolpyruvate carboxylase gene! 

In particular, the effect of acetyl-CoA known to stimulate phosphoenolpyruvate carboxylase from E. coli 
(Izui, K. et al. (1981) J. Biochem. 90. 1321 pp) and Brevibacterium flavum (Ozaki. H. et al. (1969)~ 
Biochem. 66. 297 pp) was investigated. From the results shown in TableTlfls evident thai phosphoenol- 
pyruvate carboxylase from C. glutamicum ATCC13022, either produced in its original host or as a result of 
cloning into E. coli to form strain XH11/ P TG1201. is not stimulated by acetyl-CoA under the assay 
conditions described above. 



Table 1 



50 



Strains 


Phosphoenolpyruvate carboxylase 
activity (U/mg protein) 


without 
acetyi-CoA 


in the presence 0.2 
mM acetyl-CoA 


C. glutamicum ATCC13032 
E.coli MM294 
E. coli XH11/pTG1201 
E.coli XH11 


0.226 
0.035 
1.010 
0.0 


0.225 
0.158 
1.090 
0.0 


Phosphoenolpyruvate carboxylase activity in dialyzed 
homogenates obtained from C. glutamicum and from different E. 
coli strains. 



2. Determination of the nucleotide sequence of the ppc gene of C. glutamlcum ATCC13032. 

The nucleotide sequence of the entire 5 kb insert of P TGi200 was sequenced using a shot gun 
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approach (Messing.J. et al. (1981) Nucleic Acids Res. 9 f 309 pp). The Smal site of pTG1200 was replaced 
by an Xbal site by cloning of a blunt ended oligomer (GTGTCTACAGTG) to generate a new plasmid called 
pTG1202. 10 ug of the 5.0 kb Xba l insert of pTGl202 was purified from low-melting-temperature agarose. 
The fragment was re-circularised using T4 DNA ligase, randomly fragmented by sonication and finally blunt 

5 ended using Klenow polymerase in the presence of 2 mM of each dATP, dGTP, dCTP and dTTP. 
Fragments ranging from 300-800 bp in size were isolated from low melting point agarose and ligated with 
Smal digested M13mp8 phage (Messing, J. and Vieira, J. (1982). Gene 19. 269-276). 160 clones were 
sequenced by the chain termination method (Sanger. F. et al. (1977) Proa Natl. Acad. Sci. USA 74, 5463 
pp) and over-lapping clones indentified by computer-aided analysis (DNASTAR, Inc., 1801 University Ave. 

w Madison. WI53705, USA). The entire sequence of the inserted DNA fragment contained in pTGl202 bearing 
the ppc gen© of C. glutamicum ATCCt 3032 is shown in Figure 3, 

The entire sequence which has been determined is 4885 bp in length. A search for possible protein 
encoding regions has revealed a long open reading frame (ORF) showing homology to ppc gene sequences 
from E. coli (Fujita, N. et al. (1984) J. Biochem. 95. 909 pp) and other organisms (katagiri, F. et al. (1985) 

15 Gene 38, 265 pp and Izui, K. et al. (1986) Nucleic Acids Res. 14. 1615 pp) indicating that this ORF~encodes 
the PEP carboxylase gene. This ORF is contained within the 3.5 kb Sail DNA fragment extending between 
coordinates 652 and 4077, cloned in pTG1201. Sequence analysis identified two possible start sites of 
translation (coordinates 921 and 906) giving rise to a protein product of either 919 or 924 amino acids 
respectively. 

20 

2.1 Determination of the N-termlnal sequence of the PEP carboxylase protein. 

In order to precisely identify the initiation codon of the ppc gene product, the N-terminal amino acid 

25 sequence of the PEP carboxylase protein was determined. 

Purification of PEP carboxylase from C. glutamicum ATCC13032 was performed after disruption of the 
cells using a glass bead MSK-Homogenisator. After precipitation of nucleic acids by 0-3% Streptomycine 
sulphate, a fractionated (NH*>2 SO* (0-50% and 50-70%) precipitation was performed. The redissolved 
pellet from the 50-70% (NHife SO* precipitation was dialyzed against starting buffer (20 mM TrisHcl pH 

30 7.5; 100 mM (NKUfe SO* ; 1 mM DTT) and further purified by ion exchange chromatography on Q 
Sepharose fast flow. Gel-filtration on Sephacryl S300 superfine was then performed with the concentrated 
PEP carboxylase fractions: elution was with stabilizing buffer (100 mM Tris/Hcl pH 7.5; 800 mM (NhU^ 
SO*; 1 mM DTT). Finally, samples were processed through an affinity chromotography step on Blue 
Sepharose, eluted using L-aspartate (70 mM) and dialyzed against stabilizing buffer to remove aspartate. 

35 The homogenous PEP carboxylase fractions - as proved by SDS-PAGE • were then concentrated by a 
factor of about four using a speed-vac concentrator at 5°C. 

Desalting of enzyme fractions (1 ml containing about 25 ug of protein) was performed by dilution with 5 
ml TRIS/HCI 100 mM pH 7.5. Samples were then concentrated to a final volume of 1.5 with a 8400 Amicon 
concentrator using a YM30 membrane (2.5 cm diameter). This procedure was repeated twice. The 

40 concentrated solution was divided into three (2 ml) Eppendorf tubes. Protein precipitation was then 
performed at -80°C 48 h after addition of ethanol (2 ml) in each Eppendorf tube. Pellets were pooled, 
washed twice with -80°C cooled ethanol/water (80/20 V/V). Samples were loaded on a precycte filter for 
sequencing after solubilization in formic acid. Sequencing was performed on an Applied Biosystem 470A 
protein sequencer with an on-line 120A PTH-analyser. 

45 The obtained sequence is the following: 

Thr 1 -Asp-Phe-Leu-Arg 5 -Asp-Asp-lle-Arg-Phe- T0 -Leu-Gly-G(n-lle -Leu 15 

This result shows that PEP carboxylase is encoded by the ORF of 919 amino acids stretching between 
the ATG codon at position 921 and the TAG codon at position 3678. The initiation codon lies about 14 base 
pairs downstream from a putative Shine-Dalgamo sequence (coordinates 900-908, Figure 3). 

so 

3. Cloning and expression of the ppc gene from a glutamicum ATCC13032 In C. glutamicum 
ATCC13Q32. 

55 

3.1 Construction of the C. glutamicum/E. coll shuttle vector p21. 

The structure of the plasmid shuttle vector pZ1 is shown in figure 4. It was constructed from E. coli 
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vector pACYC177 (Chang, A.C.Y. and Cohen, S.N. (1978) J. Bact. 134, 1141 pp) and from C. glutamicum 
plasmid pHM1519 (Miwa, K. et al. (1984) Agric. Biol. Chem. 48, 2901 pp) as disclosecTin Deutsche 
Patentanmeldung 3737729.9 E. coll strain DM272-3 containing plasmid vector pZ1 was deposited at the 
Deutsche Sarnmlung von Mikroorganismen under DSM4242. 



3.2 Cloning of the ppc gene onto the C. glutarolcum/E. coll shuttte vector pZ1. 

Plasmid pTG1200 was isolated from E. coli XH11/pTG1200 and partially digested with Sau3A and 
w plasmid pZ1 isolated from DM272-3 (= DSM4242) was linearized with BqIM. Both DNAs were mixeo\ ligated 
with T4 DNA Ligase and the ligation mixture used to transform E. coli XH11. Transformants were selected 
on M9 agar containing arginine (50 ug/ml) and Kanamycin (10 ug/ml). Plasmid-DNA from one of the 
transformants called XH1VpDM2 was isolated and characterized by restriction mapping. The structure of 
pDM2 is shown in Figure 5. Enzyme measurements revealed that strain XH11/pDM2 had a phosphoenol- 
15 pyruvate carboxylase activity which was not stimulated by acetyl-CoA (Table 2) as was shown in Table 1 for 
strain XH11/pTGl201. 



Table 2 



Strains 


Phosphoenolpyruvate carboxylase 
activity (U/mg protein) 


without 
acetyl-CoA 


in the presence of 0.2 
mM acetyl-CoA 


C. glutamicum ATCC 13032 
E. coli XH11 

E. coli XH1 1/pDM2 i 


0.226 

0.0 

0.261 


0.225 

0.0 

0.272 


Phosphoenolpyruvate carboxylase activity in diaiyzed homogenates 
obtained from C. glutamicum ATCC 13032 and from E. coli strains 
XH11 and XH11/pDM2. 



35 



&3 Construction of the C. glutamicum vector PCV22. 



Plasmid pHM1519 (Miwa, K. et al. (1984) Agric. Biol. Chem. 48. 2901 pp) isolated from C. glutamicum 
40 ATCC13058 was cut with Bglll and ligated to the pUCB (Vieira, J.Tnd Messing, J. (1982) GeSe" 19 259 pp) 
derivative pSVB21 (Arnold, W. et al. Gene (1988) 70. 171 pp) cut with BamHI. The ligation mixture was 
used to transform E. coli strain JMB3 (Vieira. J. and Messing. J. (1982) GeneW, 259 pp) and transformants 
were selected on LB agar containing ampicillin. Plasmid DNA was isolated from one of the transformants 
and called pECSIOO. 

45 The Kanamycin resistance gene of Tn5 (Jorgensen. RA. et al. (1979) Mol. Gen. Gen. 177 65 pp) was 
isolated as an ^jol-Sall DNA fragment from a pACYCl84 (Chang. AC.Y. and Cohen. S.NT(T978) J. Bact 
134. 1141 pp) derivative carrying Tn5 and inserted into the Sail site of pECS 100 to form pECS300 which 
was transferred to C. glutamicum ATCC13032 by transformation (Yoshihama, M. et al. (1985) J Bact 162 
591 pp). * ' 

5Q Plasmid pECS300 was isolated from strain ATCC13032/pECS300 digested with Smal, religated and 
used to transform C. glutamicum ATCC13032. Plasmid was isolated from one oflhS transformants 
characterized by restriction mapping and called pECS330. 

The E. coli repticon including the /S-lactamase resistance gene was deleted from pECS330 by digestion 
with Htnd lll, religation and transformation to form the C. glutamicum vector pCV20. 

55 Plasmid pCV20 was digested with Smal and ligated with the 0.322 Kb Pvull fragment of PUC19 carrying 
the E. coh lacZ promoter and the multiple cloning site (Yanisch-Perron, C. et aJ. (1985) Gene 33, 103 pp) C 
glutamicum ATCC13032 was transformed with the ligation mixture. Plasmid DNA was isolated from one ol 
the transformants, named pCV22 and its structure confirmed by restriction mapping. The structure of 
pCV22 including its construction as described above is shown in figure 6. 
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a4 Cloning of the ppc gene onto the C. glutamlcum vector pCV22. 

Plasmid pDM2 was isolated from E coli strain XH11/pDM2 by ethidium bromide CsCI density gradient 
centrifugation and used to transform C. glutamicum ATCC13032 as described by Yoshihama et al. (J. Bact. 
5 162, 591 pp (1985)). Plasmid DNA was isolated from one of the transformants and showrTto have the 
structure of pDM2. 

Plasmid pCV22 was isolated from ATCCl3032/pCV22 cut with Sail and treated with calf intestine 
alkaline phosphatase. Plasmid pDM2 was cut with Sail and Smal. Both DNA's were mixed, ligated with T4 
ONA Ligase and the ligation mixture used to transform C. glutamicum ATCC13032 (Yoshihama. M. et al. 
w (1985) J. Bact 162, 591 pp). Plasmid DNA designated pOM6 was isolated from one of the transformants 
and characterized by restriction mapping. The structure of pDM8 is shown in Figure 7. 



3.5 Measurement of enzyme activity in C. glutamicum clones carrying a recombinant plasmid 
75 containing the DNA fragment with the ppc gene. 

Phosphoenolpyruvate carboxylase was measured in C. glutamicum strains ATCC13032/pCV22, 
ATCCl3032/pDM2 and ATCC13032/pDM8. The result is shown in Table 3. 

2Q Table 3 



C. glutamicum 
strains 


Phosphoenolpyruvate carboxylase activity 
(U/mg protein) in the absence of acetyl-CoA 


ATCCl3032/pCV22 


0.250 


ATCC13032/pDM2 


0.240 


ATCCl3032/pDM6 


0.996 


Phosphoenolpyruvate carboxylase activity in dialyzed 
homogenates obtained from different C. glutamicum strains. 



35 

4. Effect of plasmid pDM6 on PEP carboxylase activity and on the lysine excretion of the lysine 
excreting strain CX glutamicum DM58-1. 

C. glutamicum strain DM58-1 is a derivative of strain ATCC13032, resistant to 50 mM of the L-lysine 
40 analogue S-2-aminoethyl-DL-cysteine, obtained after conventional N-methyl-N'-nitro-N-nitrosoguanidine 
mutagenesis. 

Plasmid pDM6 and as a control plasmid pCV22 were introduced into C. glutamicum DM58-1 to give 
strains DM58-1/pDM6 and DM58-1/pCV22. Strain DM58-1/pDM6 was deposited at the Deutsche Stamm- 
sammlung von Mikroorganismen under DSM4697. The results obtained by measuring the specific PEP 
45 carboxylase activity and the concentration of excreted lysine as well as sucrose consumption are shown in 
Table 4. 

The stimulating effect of the elevated level of PEP carboxylase exerted by the cloned ppc gene of 
plasmid pDM6 on the concentration of lysine excreted and in particular on the yield which is the amount of 
lysine formed per amount of sucrose consumed is evident 

so 
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Strains PEP carboxylase Concentration of Yield 

activity L-lysine excreted o L-ivsin* 

(U/mg protein) (g/1) 9 sucrose 



C. olutamicum 0.275 
, 0 DH58-1 



16.1 



0.170 



15 



C. qlvt?micum 0.240 

DM58-1/pCV22 



15.9 



0,173 



c, qlutami,cum 

DH58-1/pDH6 



0.955 



17.9 



0.198 



Table 4 s Effect of increased level of PEP carboxylase on 
lysine excretion by C. olutamicum . 



The - cultivation was carried out in 100 ml-flasks with indentations containing 10 m( of a medium 
composed of 12 g/I ammonium sulfate, 240 g/I molasses. 60 ml/1 soy bean protein hydrolysate and 10 g/l 
CaCOs. In the case of strains DM58-1/pCV22 and DM58-1/pDM6 the medium contained 20 ng/ml 
kanamycin. Incubation was carried out for 48h at 30°C and at 300 rpm. After completion of the cultivation 
lysine in the culture supernatant was quantitatively determined by amino acid analyzers using ion exchange 
chromatography and ninhydrin detection. Sucrose was quantitatively determined by an enzymatic assay 
using invertase coupled to hexokinase and glucose-6-phosphat dehydrogenase (Technicon Application Note 
AAII: Saccharose and Glucose). 



5. Effect of plasmid pDM6 on the threonine and isoleucine excretion of strain B. flavum DM368-2 

B. flavum strain DM368-2 is a derivative of strain ATCC14067. resistant to 4 mg/ml of the threonine 
analogue a-amino-/3-hydroxy-valeric acid, obtained after conventional N-methyl-N'-nitro-N-nitrosoguanidine 
, mutagenesis. 

Plasmid pDM6 was isolated from C. glutamicum DM58-1/pDM6 (= DSM4697) and introduced into B. 
flavum DM368-2 to give strain DM368-2/pDM6. Strain DH368-2 was deposited at the Deutsche Sammlunjj 
von Mikroorganismen under DSM 5399. The effect of plasmid pDM6 on the concentration of excreted L- 
threonine and L-isoleucine as well as sucrose consumption are shown in Table 5. 

The stimulating effect of the cloned ppc gene contained in plasmid pDM6 on the concentration of 
threonine and isoleucine excreted and in particular on the yield which is the amount of amino acid formed 
per amount of sucrose consumed is evident. 
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S trains 




Amino acid 
Bxcrttid 


Concentration 
of amino acid 
excreted 
9/1 


Yield 

a amino acid 
9 sucrose 


£. flivum 


DM36B-2 


L-threonine 


3.32 


0.0324 






L-isoleucine 


0.92 


0.0090 


JL. fltvum 


DM368-2/pDM6 


L- threonine 


3.77 


0.0370 






L-isoleucine 


1 .08 


0.0106 



75 

Table 5: Effect of pOMB on threonine and isoleucine excretion by 
£. flivum . 

20 

The cultivation was carried out as described under 4. 
Figure 1: Restriction map of the insert of pTG1200. 
Rgure 2: Restriction map of pTGl201. 

Figure 3: Nucleotide sequence of the DNA fragment inserted into pTQ1200 containing the ppc gene. 
25 Figure 4: Restriction map of pZ1 . 

Rgure 5: Restriction map of pDM2. 

Figure 6: Construction and restriction map of pCV22. 

Rgure 7: Restriction map of pDM6. 

30 

Claims 

1. A DNA fragment isolated from a C.glutamicum strain containing a genetic sequence comprising 
information coding for the production of a protein having the activity of phosphoenolpyruvate carboxylase 

35 (PEPC). 

2. The DNA fragment of Claim 1. which consists essentially of a fragment of 3422 base pairs flanked at 
its terminii by Sal I restriction sites. 

3. The DNA fragment of Claim 1 or 2, which consists of 2757 base pairs coding for the structural gene 
of PEPC. 

*o 4. The DNA fragment of any of the Claims 1, 2 or 3 coding for the production of PEPC, which shows 
the N-terminal amino acid sequence Thr 1 - Asp - Phe - Leu - Arg s - Asp - Asp - He - Arg - Phe 10 - Leu - 
Gly - Gin - He - Leu 15 . 

5. The DNA fragment of any of the Claims 1, 2, 3 or 4 isolated from Corynebacterium glutamicum 
ATCC 13032. 

& 6. A vehicle capable of replication in Corynebacterium or Brevibacterium containing the DNA fragment 
of any of the Claims 1 , 2, 3, 4 or 5. 

7. The expression vehicles of Claim 6, which are the plasmids pDM2 or pDM6. 

8. A host bacterium belonging to the genus Corynebacterium or Brevibacterium containing the vehicle 
of the Claims 6 or 7, optionally producing the amino acid of interest 

5° 9. A Corynebacterium which is selected from the group of those having the identifying characteristics of 
DSM 4697. 

10. A Brevibacterium which is selected from the group of those having the identifying characteristics of 
DSM 5399. 

11. A method of producing L-amino acid selected from L-lysine. L-methionine. L-threonine, L-isoleucine, 
55 L-glutamate, L-glutamine. L-proline, L-arginine, L-citrulline and L-ornithine by fermentation which comprises 

culturing in an appropriate medium a bacterium of Claims 8, 9 or 10 and recovering the L-amino acid from 
said medium. 

12. A method of producing L-lysine by fermentation according to Claim 11. which comprises culturing 
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the bacterium of the Claims 8 or 9 and recovering L-lysine. 

13. A method of producing L-isofeucine and L-threonine by fermentation according to claim 11 , which 
comprises culturing the bacterium of the Claims 8 or 10 and recovering L-isoleucine and L-threonine. 
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FIGURE 2 : RESTRICTION MAP OF PLASKID pTG1201 

Thick line: 3.5 kb Sai l fragment bearing the ppc ORF . 
Thin line : pBR322 vector. * indicates position and 
orientation of the promoter' of the tetracycline 
resistance determinant. 
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Figure 4: Restriction map of pZ1. 
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Figure 5: Restriction map of pDM2. 
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Figure 6 contd.: Construction ano restrict:on map 

of pCV22. Legend; to symbol:: 
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Figure. 7: Restriction, map of pDH6. See figure 6 
for legends to symbols. 
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MJ-2 3 3#tt, L-y^^O^fi^ig^PLfco 
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[flfflFM*0lKBfl] 

(E. C. 2. 7. 2. 4.) £3i-K-t£ii<ST-DNA 0 



7'* A (Brevi bacterium flavum) M J 2 3 3"C£><6if| 
*3glI5*<Oi8^DNAo 



GTGGOCCTGG TCGTACAGAA ATATGGCGGT TCCTCGCTTG AGAGTGCGGA ACGCATTAGA 60 

AACGTCGCTG AACGCATCGT TGCCACCAAG AAGGCTGGAA ATAATGTCGT GGTIGTCTGC 120 

TCCGCAATGG GAGACACCAC GGATGAGCTT CTAGAACTTC CTCCCCCACT CAATCCCGTT 180 

CCGOCAGCTC GTGAAATGGA TATGCTCCTG ACTGCTGGTG AGCGTATTTC TAACGCTCTC 240 

GTCGCCATGG CTATTGAGTC CCTGGGTGCA GAGGCTCAAT CTTTCACGGG TTCTCAGGCT 300 

GGTGTGCTCA CCACCGAGCG TCACGGAAAC GCAOGCATTG TTGATGTCAC TCCAGGTCCT 360 

GTGCGTCAAG CACTCGATGA GGGCAAGATC TGCATTGTTC CTGGTTTCCA GGGTGTCAAT 420 

AAGGAAACCC GCGATGTCAC CACGTTGGCT CGCGGTGGTT CTGATACCAC TGCAGTTGCA 480 

TTGGCAGCTG CTCTGAACGC TGATGTGTGT GAGATTTACT CAGATGTTGA CCGCCTGTAC 540 

ACCGCTGACC CGCGCATCGT TCCTAATGCT CAGAAGCTGG AAAAGCTCAG CTTCGAACAA 600 

ATGCTGGAAC TTGCTGCTGT TGGCTCCAAG ATTTTGGTGC TACGCAGTGT TGAATAOGCT 660 

CCTGCATTCA ATGTGCCACT TCGCGTACGC TCGTCTTATA GCAATGATCC CGGCACTTTG 720 

ATTGCCGGCT CTATGGAGGA TATTCCTGTG GAAGAAGCAG TCCTTACCGG TGTCGCAACC 780 

GACAAGTCCG AAGCCAAAGT AACOGTTCTG GCTATTTCCG ATAAGOCAGG CGAGGCTGCG 840 

AAGGTTTTOC CTGCGTTGGC TGATGCAGAA ATCAACATTG ACATGGTTCT GCAGAACGTC 900 

TCCTCTGTGG AAGACGGCAC CACCGACATC ACGTTCACCT GCCCTCGCTC TGACGGACGC 960 

CGTGCGATGG AGATCTTGAA GAAGCTTCAG GTTCAGGGCA ACTGGACCAA TGTGCTTTAC 1020 

GACGACCAGG TCGGCAAAGT CTCCCTCGTG GGTGCGGGCA TGAAGTCTCA CCCAGGTGTT 1080 

ACCCCAGACT TCATGGAAGC TCTGCGCGAT GTCAACGTGA ACATCGAATT GATTTCCACC 1140 

TCTGAGATCC GCATTTCCGT GCTCATCCGT GAAGATGATC TGGATGCTGC TGCACGTGCA 1200 

CTGCATGAGC ACTTOCAGCT GGGCGGCCAA GACGAAGCOG TCGTTTATGC AGGCACCGGA 1260 

CGC 1263 

V**tl&T*'<A>h*+—ii (E.C. 2. 7. 2. 4.) ACrtMH" SMftx.:/^* S K. 

2.4.) fSra-K-rsjte^DNA. mm&mmmftxi*m&&mmt wtsn-c l - y $?> 

6 ] i-4ov ^-r ttdMcie«oag^ [oooi] 
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(E.C. 2. 7. 2.4.) *=»-K-*-*i!€**:£tf3!> 

[0002] L-y^vra, ^r^Ktttiea 

10 0 0 3] 

ii. ^ v^n-cfc^ 3 v *mmm<D&m%mm 

5 1-2 1 0 7 8^i, 4#^BS5 3- 1 8 3 3^<£ 

?a, m^me 2-869 2*hmmmw»] „ m& 

60 9 97^i, #MB86 0-6 2 9 9 4^i, ^ 
BPB6 2-7 9 7 8 8 ^ttfMHR] 0 LfrLte&b. 

[0 0 0 4] (E.C. 2. 7. 

2.4.) ^a-Ki-Site^^L-CHt, ^xH7' 
=i y (Escherichia coli) ft^<7>5fife^ [Journal of B 
iological Chemistry, 2 5 6 , pl0228~pl0 
2 3 0, 1 9 8 #*<W*£ftTVV5. *fc, 

^7A|ltt||l«A*«>r^A«^h^— t? (E.C. 2. 

7. 2.4.) t UTWt, /<*yl/* ■ ^/u^ (Bacillus 
subtilis) , nD^f !J^A - (Cory 
neform glutamicum) $r&ftbtlXl/^Z> [Journal of Bi 
ological Chemistry, 2 6 2 , p8787-p879 

8, 1 9 8 7; Molecular Microbiology, _5, p 1 1 9 
7-pl 204, 1 99 1*IQ, IRfeiS^ ^1/ 
f^fU £A • yy s<J± (Brevi bacterium flavum) 
ftXcr^^f+t- £ (E. C. 2. 7. 2. 4.) £^ 

[0 0 0 5] 

*aw«**©r^^h*-^— If (E.C. 2. 7. 2. 
4.) «r=i-Ki-5*fi-?«r*«U, 
ab5=!)*aWll:»AU «=y*SlBBi*fflv*-c\ 
*fc L - y *J > «r»5tr 6 r £ -o$> 

So 

[0 0 0 6] 



«Sfc*U *^«E***tfc=iy*a!J|BMS:ffl^« 
»#ttlCL-y^^*»aL5Srt«r^fflL* 

[0 0 0 7] *»< LT#$8Wfc**Uf, 

( 1 ) ^ y *aiw**«)T^/'«4/ h 

(2) &m&?DHAtmA£ftitm&zL7*yx$ 

K; 

(3) ®m&zy*yx^ vrMnfe&ztift^vzm 
mm, at* 

(4) K^H(E»$^=y^Sl»«^v\ ^3 

[0 0 0 8] *»K«COV^T*e>lC»»fc»W** 

So 

[0 0 0 9] *%m<D tTX^Arh*!^-' tffca — K-f 

#ar*-*H»K -t-fttofer^/^h^—e (e.c. 
2.7.2.4.) ^3-K-r$ae^DNA^sc^"r-5t> 

[ooio] r^h^t- ££3— Ki-&3fi?fc 
<c6te*ifctt, 3 y *mms m^-f 

U\?/<?y L y $A • yys<J>. (Brevi bacterium flavti 
m) M J 2 3 3 (FERM BP- 1 4 9 7) doiTJ^O 

[ooii] z.Kh<»mm&±m*hAmK*mwfr 

5 : ABrtftt, ±IB3 y*M*ra, «*.tfyuir/<*x 

y-)A'77/UMJ-2 3 3 (FERMBP-14 
9 7) *eDftfe#±|c#ffiU r.«0ftfe*«r»S*«IIR 

[0012] ^WfcT^^y *A • 7 

- 2 3 3*<0«||»d»e>Sfeft«:DN ASrttffl+S. ^CO 
&£#DNA£&^#ftJ|lg|^ M;ttf E coRI^l 

[0 0 13] #biX^DNA^$r^n-^>^^^ 
0**tfpHSG3 9 9 (£igg$!) WfAU ~<D 

1t±mm i^zs~ y t r • 3 y ) £^#CG s c 5 o 7 
4 [^^>m y t7 • 3y . * ir> 

(Escherichia coli Genetic Stock Center) x =f 

(Department of Biology, Yale University) ; P. 0. B 
ox 6 6 6 6 New Haven, CT 0651 1-744, U.S. 
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[0 0 14] ftbHZB&mmiZ *)-77*% KDNA 
]s\?'<?7"V *A • 77^MJ-2 3 3&&&&&3fc 

[0015] a>< Lxnt>hz>Amft&zt>&m%tem 

[0 0 16] ftt>tl*MWte&#£*)75x$ KDNA 



[0 0 17] CO^lcLT^ftSABrtfO-ott, 
±f27Vt^^xl> ?A . 7 7^AMJ-2 3 3|*<D& 
£#DNA&f&JPJI»5SEc oRl<Dft£&1mc±>>)$)V) 

<toT*#6ft£*#£d>£jl. 7 k b^DNAKJSnSr* 

[00 18] Z<Dmi. 7 k btOT^/^h^-t-— t?£ 

3-K-raae*£*tfDNA«>i-«\ 

[0 0 19] 

[£1] 



ftj tt, DNA»rm^7^^ K«r, «H»*^#fiE 

T-csfefe#*u *ft&^#fc«fc*ftafMto»#s 
«c« v * i %r # * y/vmm&t&fc <to t 5%>Ky t * 

[0020] r^^>t<D*££j 

tt, U tT • a U^^^r-v 7 U phage) 

ODNA«rj|MW*H i nd I I I*TMS*LT*Ml 
5 &-?&R*n CD D N A m K <om-Ttfu —xYjV±X<D 

Mbmmxmfrftznmmzm^^ -ait, xvrtv 

. 3 y <D7t4 XI 7 4 7r-v/ (0x174 

phage) £)DNA£r#JPI#f&Ha e I I lTMlt 
ft * ft WE*P<BD N AWfK<Dm-tf »T?V /VT 
=C Ky/W±-CO*»E«-CfiA>ft5«*»{CS<5f % £J 
BrDNAiSrJfXtt?'?^ K<D#DNA»J}-G>**S«: 
JUM"*. ^7^;K^^I1 ffl»K^*ft^ft<0 

OfcJtK^T, 1 k b£JL±tD»r>i-cD^$^|COV^T 

\t. i%Ttfv-xVfrn%frmz±<>xnt>tiZ&& 
ico^rf±4%^yr^ y^r^ Ky^ffi^iitcio 

T»&ftaiS*«r«JBLfc. 
[00 2 1] — itEtDT'Uf^^xy *A • 77^ 
AM J -2 3 3<DSk£#DNA£f&tJ(&8|iilNr uI-E 



mmsm 


mmtm* 


wmfr<D±2i* (kb) 


Dra 1 


i 


0.2. 1.5 


BIdc II 


2 


0.3, 0.6, 0.7 


HlDd III 


1 


0.4, 1.2 



7yX^ KpUC 1 1 8*fcilpUC 1 1 9 (^igii 
II!) *flV*«$^**V**U**KIBIttfe (dideoxyc 
hain termination j$fc v Sanger, F. et.aL, Proc.Natl. A 
cad.Sci.USA, 7 4, p5463, 1 9 7 7)iCt«9» 

1.7 k bODNA^COlfiSE^JcO^— ^^y-x>f 
»), 4 2 lfiOTS yK«T3-Ki"5 1 2 6 3<£>i££*f 

tf>e«j£2ft-o^ 0 

[0 0 2 2] 

Ut3] ±t2©^fiH«:S£ra**W©T*/^ h 

Vfttli System-1 PI us £ V £ ftTt ifcoT 

[0 0 2 3] mmfi>lB<'7l'Vs<fi?9 *}J» • 7 

7/UMJ- 2 3 3©ftft#DNAA>P)»»Sill5*« 
HcDDNABrJm, T*A/Vh*-J— i?£n-K-f<5« 

&2*H&«>&£ t * ftT v ^ t J: < XI±8'JI^ $ ftT 
^TtJ:< > *^tt*fct*»d*#A$ft-C^TfcJ: 
<. $^(c^S|^(D-»dS^$ftrvNSt>o-c*>o 
rt>i<> rfte>o»»f*:©v^-fftt>A^ ^wr^ 
✓nVi/ h^-^— Ki"5*e : f-«r'&tfDN AK^lc 
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[0 0 2 41 £l±KWCLfc**£tf|iJl. 7 k b<DD 
[0 0 2 5] #mm<DTX'</l'h*c'f'-'V&^- K+S 

So 

[0 0 2 6] **Bor^/</uh*t- 
[0027] w<d a*t# Sr^A-r a r t **-e# 5 . 

-2101 8 4#&»fcfB«tf>:/7*S KpCRYS 

0 ; WW¥2-2 76 5 7 5^«HIB«<D^7^^ K 
pCRY2K pCRY2KE. pCRY2KX, pC 
RY31. pCRY3KESt;pCRY3KX;fflf 

1 -1 9 1 6 8 6 ^'£m^&<V77* S KpCRY2 
&tfpCRY3 ;4#fflB35 8-6 7 6 7 9^$8iC|B« 
(Op AM3 3 0 ; #0BBg 5 8 - 7 7 8 9 5^$8lCi2ft 
OpHMl 5 1 9 ; #B8B35 8-1 9 2 90 O^fBiC 
2B#tf>pA J 6 5 5, P AJ61lMpAJ184 

4 :4#&80S5 7-1 34 5 0 0-^ICfElfeCOpCG 1 ;» 
BPS5 8-3 5 1 9 7^«iC|B*^pCG2 ; #§8BB 
57- 1 8379 9f^IBft^)pCG4Mp CG 

[0028] *p-?h=*y*m$m<Dte±-'<?*-%i-e 

t>©^#*t<, KpCRY30, p 

CRY 2 1 x pCRY2KE, p C R Y 2 KE , pCR 
Y2KX. pCRY31 v p C R Y 3 K E&tfp C R Y 

[0 0 2 9] ±.B7yX^ K^*-p CRY 3 0 &M 

* (Brevi bacterium stationis) IF012144 (F 
ERM BP-2515) frh7*7 X ^ K p B Y 5 0 3 

(:o/7^; K^ftaicov^r^^^i - 9 5 7 8 

5^$8#f0 DNA«U ^Jdgl^Xho I -C* 

I^^ttPDNA»fK-^0Wb, fcJ&gi*3£E c oR 
I fcit/K p n I -e*££riM62. 1 k b<Oy°7X* K 
oft*{fc«fie«rS34«e^«r«tfDNA«frSr§I5ffl 



•To Ztlb<OffimK*7*7XZ KpHSG2 9 8 (£*g 
ifiH) WE coRI, K p n I SHfcAUS a I I ftftK 
fc K: J; *K 7*7^;K^^-pCRY3 0 

[0 0 3 0] ±127^* x K-<**-^ 0*fBK 

*ric«HBA»rfrj3J:«l«Ufc^7^5 K^*-£ 

^gicte s i * * i/r — v-e&m it £ -t" 

t^:«2S^^T^y^-DNA(O^ET(CDNA 

y mmxmtaz ztt±*>n?zt&xz 

[0 0 3 1] -?7** KpCRY3 0^(D^OAi 
K-O^AIl> 7'7^H , pCRY3 0^jWEco 

Ri-cB8g£i*\ * r letter ^/^h*^--**^ — 

Ki-aae-7-t^tfDNAW^ (A$r#) SrDNAy^ 

— vxmn 5 w t \C X *) ft o Z t Z> 0 
[0032] :«J;9<atM$H^7 e 7^5KpC 

RY3 0»C**W«>*t*i$»l. 7 kb<0A»fm 

%W%bnZft£7°7 Xa. KpCRY 3 0-AKt^ 
Lfco ^7 ^ U'p C RY 3 0 - AKtOM^OM 

[00 3 3] ZV>£}£.\*X&tiLZMTX'<A'h*rt' 

[0 0 3 4] *%WIZ£.2>7°7X* K"0«1HE*L5* 

T'J !>A • 77^AM J — 2 3 3 (F E RM B P — 1 
4 9 7) % 7*\s\fs<$ t!I !)A • 77^^M J — 2 3 3 
-AB-4 1 (FERM BP-1 4 9 8) % ;/UfcV* 
^r!)!)A'77/^MJ-23 3-ABT-ll (F 
ERM BP-1 5 00) , ^l/Wr!)^. 77 
/UMJ-2 3 3-ABD-21 (FERM BP-1 

499) 

[0 0 3 5] #*b\ ±fBtf>FERM BP- 1 4 9 8(0 
FERMBP-1 4 9 7«»at 
DL-a-7;/ S^IN4£iBfcttl£tt^ $ tltz^ 9 / 

-*&<t\m±®xhz> (maw 59-28398^ 
mm3^4M&m) 0 ferm bp-isoo 

<0®«c« x FERM BP-1 4 9 7(Oltt!rij*tL 

xhz mmw 62-51998 %-<&n&m) . $ e> 

FERM BP-1499 OlgWi FERM B P — 
1 4 9 KDm&ZW&t LfcD-o-7^fiSS77> 
•7— tf»»tt3EJM*-C*>5 («MBS6 1 - 1 7 7 9 9 3 
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[0036] :tif,^(Dteic, yutr/^ry^ 

A* • T l/^^-Y *f%>7« (Brevibacterium ansnoniagene 
s) ATCC 6 8 7 1, [^lATCC 1 3 7 4 5, I^AT 
CC 1 3 7 4 6 ; yn^/^r!) ? A • y # * A 

(Brevibacterium divaricatum) ATCC 1 4 0 2 0 ; 
zf\o\Zs<9 1 r x )VJ±- hyr — t^f* (Brevibac 
terium lactoferroentum) ATCC13869 ; 
'^Vt y £A • (Cor ynebac terium glutam 

icum) ATCC 3 1 8 3 1 ^^iW^: 

[0 0 3 7] fe£.tLXzn'\?s<?TVVJ*-y 

MW7^U'pBY5 0 2 (#Bf!Bg6 3-3 6 7 

P BY5 0 2$r|^5fei-6r < lr^^tV\ ^i^T" 
KpBY5 0 2$rl^5fe-ra^&^UXtt > 

tt>iIitlb6U A&tolc|&£^6r £fc*r^T£>6 
[Bact.Rev. 3_6 p. 3 6 1 --4 0 5 (1 97 2) # 
i*] o ±12^7^^ Kp BY 5 0 2 £A&ttK[&3H-* 

[0 0 3 8] ^l/f/^ry^A. 

2 3 3o£W£^£(-PflW1-Sfc&or^ y 

^ <«£ : 0. 2-5 0/1 g/ml) fclXHta^s; 

K «£: 0. 2-5 0 u g/ml) 
tri&i6K. l m 1 y$9#n 0«lc^^»J:5^||L, 

^W5r^^cia«L/j:^e)^2 4mmfo3 ttxm* 

frTV^ftSrjSifc'rSo Z<D&ft^£V)-77X* KpB 
Y 5 0 2il*^fc7'Hi , /^r y £ A • 7 
J - 2 3 3 &*tS^q£e>ft6« 
[0039] Z<D£o\ZL,XnbtlZ>7l'Vs*?T}) V 
A - 77/<AMJ-2 3 3 Efc^^ft^iifJlBT^ ^ ^ K 

• #o hxK7icov^^^nrv^i9tc [caivi 

n, N.M. and Hanawalt, P. C. , Journal of Bacteriolog 
y, 1 7 0 , 2796 (1988) ; I to, K. , Nishid 
a, T. and Izaki. K. , Agricultural and Biological C 
hemistry, 5 2 , 2 9 3 (1 9 8 8) #HB] , DNA^ 
&Wi^(Ds<;l'*&i3iM [Satoh, Y. et ah, Journal of 
Industrial Microbiology, J^, 159 (1 9 90)$ 

[0 0 4 0] ±8B05*ft-e^WBlftLT»bH5r^^ 
^7^y £A • 77^AMJ-2 3 3S^t*O^H^$: 

[0041] mmnmxm. mmm. amz#tttm 



[0 0 4 2] JftSFi. MflHt* *S&$><0#5** 

ftTiC. fa2 0-#>4 Ot, #£L<tt#J2 5t-#j3 

<o p HitiiSftxur/u* y * wta t-cfr #-e# 

[004 3] **B!tel$0$$«««Wt, #* t < W: 1 

[0 0 4 4] wCDj:p^LT#e>tt-5i$a^b^^^ 
[0 0 4 5] L-!J^^^J«Rft(C*5^rtt. ^ti^O 

[0 0 4 6] 

±-ftmmm<*xamft&m®>tmm£&x^ L-yyy 

[004 7] *0na-* £ ±IE#ilS*XH;8ft&3fc 
V^T, ^b<il|^2 0-^4 Ot:, #iC^2 5-^3 
[0 0 4 8] £fife«L-y ^VttfUtf, liSidc^ 

[0 04 9] 

[0 0 5 0] gftgj 
TVtV^xy -7A • 77/<AMJ-2 3 3&&CDT* 

(AKfr) (D^n-^fl: 

(A) yutf^^ry »A » 7 7^MJ -2 3 3Q 
iDNAOitti 
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¥£**«lA*ift [«j£:B«2g, (NH 4 ) 2 S0 4 7 
g, K 2 HP0 4 0.5g, KH 2 P0 4 0.5g. MgS 
0 4 0.5g, FeS0 4 • 7H 2 0 6mg, MnS0 4 
4-6H 2 0 6mg, ^x^2.5g, /® 
5g. W>2 0 0/i g> m$tf-T^>2 0 0 » g, 
^3-^2 0g, 2&©*1 1] 1 lie, yi/^^r 
!)->A-77/^MJ- 2 3 3 (FERMBP-14 

97) z*t#mmm®w&'?m%L, m&zuk&ito » 

e>*Lfc£ft£ 10mg/ml y^-A^tr 
10mMNaCl-20mMF!) *®#T?£ (pH8. 
0) -ImM EDTA-2NaMl 5ml (CfiffiL 

*9lC»J|]U 5 0lC"e6l*IB«fiL-C**Lfc, 
#81 (5, 0 0 OX g% 2 0#|Bk 10—1213) U 

flip *JIt3i^/-^JBO|B]K:#ft-f5DNA^^^ 

fco #£>:ft/tDNAlCl OmMhU^ttffKft (pH7. 
5) - ImM EDTA • 2Na«ft5m 1 &M?L. 4 

loosi] (b) m&ztiwmw 

±E (A) Mfc/l/t/^7!J £A • 77/<AMJ 
-2 3 3CO^DNA^<O9 0m 1 **«»*Ec oR 
1 5 0units «rjflv\ 3 7t-CmiBlSl£:^^ 
*?L*: 0 :(DEcoRI^DNAi:^o-^y^ 
^-pHSG39 9 (^S56i:9*JIR) **JR#*Ec 

U 5 0mMh'J^SIj$ (pH7.6) , 1 OmMi? 
^**Wh — A\ ImM ATP, lOmMMgCl 
2 MT 4 DNAy^- VlwiKD&fcft&mmi, (# 

[00 52] (C) 7^h^rt-f^3- Kjhg 

ISXJWfctt. tr-nKGSC 5074 

(thr Ai 101, lys C1001, met L 
1 0 00) -CfcS [ ( ) rtttT*/*/Uh*-*-—t?iftfc 
^ffl (Genotype) . ±8B (B) 3g-e»e>ftfc:/ 

7*^ KMRftJHt\ Jfiffc#A'$/*ASfc (Journalof Mo 
lecular Biology, 5 3 , 159, 1 9 7 0) lej; 9 8rJ 
E**/x!l tT • = »J CGSC5 0 7 4t*&fl£g|£& 
U ^n 7 A7x-3-/W5 0mg^tfl^ [K 
2 HP0 4 7g. KH 2 P0 4 2g, (NH 4 ) 2 S0 4 1 



g, Mg S0 4 • 7H z O O.lg, ?;ls=i—*2 0 g& 
xmiZl 6 g£3£S*l 1 KM*] fcftfcUfc. 
[00 5 3] C01g«&±(O^W^^^feJCJ: 9 ifcftigH 
U ^Si<t^7^^ KDNAfcttWU ^77^ 

^l^m^fctr*. KpHSG3 9 9tf>££ 

2.2 k bODNAttfrKftl*.* ££#)3. 8 k b<D|?A 
DNA»fraSB«>e>*bfc. 
[0 0 5 4] */7^^ K£pHSG3 9 9-AK£tft 

[00 55] (D) T^/vh^— tf^TJ— K-TS 
ae^SrfrtfDNAPW (A) IftfrPlr^p-^:^ 

±12 (C) ^T^/^77i KpHSG399-AK(C 
^*H^DNA^AIif>t$r. £«*a^/£ttlC/hSfbi- 
Sfc&lw, ^5KpUC119 (£*§&<£ 9 rfJBS) 

[0 0 5 6] ±5E (C) m~?ntc77X$ KpHSGS 

9 9 -AK«r»JR**E coRI, Nrul t?«l»f Lit 
^7^^ KpUC 1 1 9«rHR»iEc oR 

U Sma I -CEJWrbfcfcO&a^U 5 0 mM h V X 
WmWi (pH7.6) % lOmMW^W HK 

ImM ATP. 10mMMgCl 2 MT4DNA!J 
Jf—tflunit 0«jSft*KftlL (#*»©»*M:*J|* 
«&TfcS) , 1 2TC-C1 SIMMS***. Ite*-* 

[0 0 5 7] ftfeiifcT^S K«KtfflV\ *flS#A' 
*>£Aj£ (Journal of Molecular Biology, 5 3 , 1 5 

9, 1970) K^ijffflie^^y tr • aycGsc 
50 7 4«c&jMMafcu r^trvy vsomg^tr 

ilfUti [K 2 HP0 4 7g, KH 2 P0 4 2g. (NH 
4 ) 2 S0 4 1 g, Mg S0 4 - 7H 2 0 0. 1 g % 0Ol*=i 

2 o g xxmx i e g i i \mte] \zmm 

[ooss] z<Dmto±n±*m*ftm\c£Qm»mm 
u w<t^7 7-; kdna«*wu ^7^^; 

m^xm^itt r^, 7°7^-; Kpuci 1 9<Dg^ 

3. 2 k bODNAffifrfcAO*., Jt£ftl. 7 k bO#A 
DNAtftfasRfc&ttfc. Lfc£# 
7 k bODNA^^J^ESIW 

fco/c 0 ^©DNAWr^»J|»#|R«»f^*ig«rHllc 

[0 0 5 9] *fc±ie*C»fc^7^5 K««-«MIHMI 

[0 0 6 0] 
1^2] 
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&2 ^XSPpUCl 1 9-AK 





ammm 


*J9rWfr©*£2 (kb) 


BuH I 


i 


4.9 


Bgl II 


2 


4.2, 0.6 


HiDd III 

1— ~-- := m- 1 


2 


3.6* 1.2 



CI 1 9-AKi^Lfc 0 

[0 0 6 1 1 Wi:i?)7^/^h^t"W3- K-T 
SiB^Sr^tf^f $*%i.7k b(DDNA*fr (E 
coRI-BamHlTO ^ t tftZtz. 

[0062] mmm2 

*ifc«i(o (d) «-e#5>nfcr^/^vh^— e«r=i 

l:ov^t, ^<o*ate^l«r^9^5 KpUCl 1 8£fc 

iipucii9 mmmm) *m*&*sf g ***s*9i> 

(dideoxy chain termination fe) (Sahg 
er, F.etaL, Proc. Nat. Acad. Sci. USA 7 4 , 54 6 
3, 1 9 7 7) li:J:»)B2l:/T?tfcWBttto-cft* 

[0 0 6 3] ^^tUBBM^o^-- ~f>y-*fwyy 

5 /&&^-K-f-£l 2 6 3OJBU6»J;0«rtSnT^ 
[0 0 64] 

Ifb4] 

RY3 0WM 

(A) 77*5 Kp BY50 3<DmM 
~fy ^% K p B Y 5 0 3 ll> ^i/^r!) 
ft^^IF012 144 (FERM BP-251 
5) *>b#fl&h,fc»?-Ml 

% K-C«>9. £HH¥l -9 5 7 8 5 ^tftKISfctf) <fc 5 
iatiSllfc 0 ¥£>jftJ»J«AI»Jft [R*2 gs (NH 
4 ) 2 S0 4 7 g, K 2 HP0 4 0.5g, KH 2 P0 4 0. 
5g, MgS0 4 0.5g, FeS0 4 - 7H 2 0 6m 
g, MnS0 4 - 4-6H 2 0 6m g, &#r^*2. 5 
g, **5/fik5g, \f**>Z0 0n g. M«^T^ 
^2 0 0/1 g. ^/Vn-^ 2 0 g&U^@7kl 1] 1 1 
zf\s¥s<?y"})t7J± • I FO 1 2 1 4 

^ [25mMh^ (t Kn^'»fM 7 x J * ? 
>\ 1 0raM(OEDTA, 5 0 mM^3- 2 0 m 



)&U-SDS^ [0.2N NaOH, 1% (W/V) S 
DS] 4 0ml£8s*DU W*K»tttti:tl 

[5MiHft*y!)A8«[6 0mK SHI 1.5ml. 
^@7K2 8. 5ml^I] 3 0ml»U 

[0 0 6 51 Jga*^ft«riS^*iC»U 4W10» 
ra> 1 5, 0 0 0 x g ©»L^«lC^tt> ±«»S:» 

[0 06 6] ^1:^1(7)7 x / ^ □ p ^i,^ 

*MfK:»U ^aT-C5»n, 15,00 

m<D**;-jU%to?L. -2 0ttl»I^ 413 
"C 1 0 1 5 , 0 0 0 X g OSfrMMIlCjN*, atas 
£04* L/C* 

10 0 6 7] TE««* [ h y * 1 

OmM, EDTA 1 mM ; HC I lZX p H 8. 0 (Cgfl 
8] 2mlMUc 0 [5 
f^M^TEMl 0 0mllC^bir^^i,l 70g 

^nW Kjfitlml £AHx.T, **&1. 3 9 2 g/ 
m 1 tC&*Hi:fco ro^^r 12tt4 2^> 1 1 
6, 0 0 0 x g<D»fr#*&*Tofc 0 
[0 0 6 8] ^7X; KpBY5 0 3tt^lSRftftJCj: 

KpBY5 0 3S:ttf»ia«:#fc. 

[0 0 6 9] *v>t?r©^a»«r»»©^yr$/vr/u 

3-/l'"C4|n3i!lIltxf^^AyDW K£ttai&* 
U *©*fcTE«««fc:#LT^*ffofc. Z<D± 
OKisX&btltii?? X $ KpBY5 0 3%^tt&Vri& 

3 MSMt* b v t }J*m&&%te&&. 3 o mMicaam u 
2tt*:**y-^«:fli*., -2 0<CiiMoraL 

fc 0 r 1 5, 0 0 0 x g OfrbdfllcftHtTD 
NA$rtfcfc$«t*\ ^7^^ KpBY503^50ngi 

[00701 (B) *7y*% K^^-pCRY3 0 

^U'pHSG2 9 8 (£JB&H) 0. 5/ig£M 
B8S*Sa 1 I (Sunits) 3 7t 1 #m£j&$-e\ 
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[0 0 7 11 ffi£ (A) ^-C^Lfc^y^^ KpBY 
503W2/igl:W9lXhoI (lunit)£3 7 < C 
"C 3 0 ^7*5 KDNA£2B##A?L 

8L tt5te«*«*«)*»*«ll»*^ 5 OmM 

FM»pH7.6, 10mMMgCl 2 , 10m 
M^ft^K h~/K ImM ATPWT4 DNA 

y#— fefiunit lc*3*5lc*#£*Jifl-U let: 

3yjM10 9^efyht;M^fiW *«»I5 

[00 7 2lM^li30 i ig/ml 

100m/«i1 (g&8&)<*>iP 
TG M y^B tf^/- f - D- ^ h t9 / *✓ 
K) 100/ig/ml OX-gal (5- 

h / V K) Sr^tfLt&ifc (hy^h^lOg, BIS 
x^5g, NaCl 5 g&t^@7fCl I , pH7. 
2) T*3 7 c Ci:t2 4fi|f^SU £W#£: LT#<bix 

fcifiO$:MU S K«rTA*y-SDSife 

[T. Maniatis, E. F. Fritsch, J. Sambrook, "Molecular 
cloning* (1 9 8 2) p9 0-9 1#I] fc«fc0ttffi 

(0 0 7 3] -trOMiR, 7 P 7^U*pHSG2 9 8WS 
a 1 I»7*7^^ KpBY 5 0 3fc&CD#j4. 0 k 
b (DWrK&W AZillt-?? * 5 KpHSG29 8-or 

i amhtiit. 

10 0 7 4] *K|EW0>*&*JB*\ (A) ^"C^ 

KpBY50 3DNA«r«||fiN»Kp n 

I RXfE c oR I £Tfe3Ut«e>*L*JKj2. 1 k b<D 
DNA#rtt£±ie:/7*^ KpHSG298~or i tf> 
Kpn IRXIEc oR I ttttU:* n-^^U 
c K^**-pCRY3 0*rMKUfc. 

[0075] j&fegH 
^^U'pCRYSO - A K«Dflsj*atf a 9 

HlMUl© (C) ^-C^^ixfc^^^ KpHSG3 9 
9-AK 5// g£0JPRB*3f?EcoRI--Nr u I 

sunits 3 7*c-e i^nra&$«5HHu^:t>«) 

£ % BamHl!) (%Ml££ 9 ffiJR) 1 #* 1 «T» 

5 0mMh5l^««« ( P H7.6) % 1 OmM 
'W^W ImM ATP, lOmMMgC 

1 2 ^«fct^T4 DNA y #— t? 1 unit OftA^frWn 
L <#J*#©»Ktt**»«-0*>S) , 1 51$ 



[0 0 7 61 :©DNA^WKlBamHI 3units 

W3 03 (B) *"Cf»€>ftfc:/7*5 KpCRY3 0 1 
ji gtrMRMRBamH I lunit «r«v\ 3 7tt*l 
m$5U&Z*t$»l>1th<D&W&U 5 0mMhy^.g| 
WiWi (pH7.6) , lOmM^^W HK 1 
mM ATP, 1 OmM MgC 1 2 *5j:^T4 DNA 

y t? i unit 0>#j8»**an l 
*£&&-?*>£) , 1 2t;-ci 5 #HIRJ6 

^'J tT- 3»JCGSC5 0 7 4«cM*sftU 
^*>yS0/i g/m 1 fc-atr^igifc [K 2 HP0 4 
7g, KH 2 P0 4 2 g> (NH 4 ) 2 S0 4 1 g, MgS 
0 4 - 7H 2 O0. 1 g. ^^7 2 0gM^l 6 

[0 0 7 7] r <0&*Lh<D£W#£^fcK£ 9 
U ^i^7^^ KDNASrttWU fa-??** 

l^Tl^t^^, ^7^> KpCRY30Ol$ 
8.6kbODNAWrm:M, *££l.7kbO#A 

[0 0 7 8] Jbl2O$0<SlS$iX^7^5 KDNA 

[oo7 9] &'gm&n. mzs<A>xm*m^xK<Db 

[0080] /l/^/<^r!J^A.77^MJ-23 
3 (PERM BP— 1 497) Zf=7*% KpBY 5 0 

2fo=k&:* loom! <nm&Ami&xM&mmmM*.x 

#&^#>. I§#£2 0ml O^^ffi^ffi (2 7 2mM 
Sucrose, 7mM KH 2 P0 4> 1 mM M g C 1 2 ; p 

H7.4) tcx^ufco $e>»na#*ia'L^«br* 

5ml <a/^VW^^|C&®U 0,75ral<OJ| 

ast, mmx^hHtzzfy^^ kdna^so^ i t 

(/M*9Kffi8) ^rffi^T, 2500 #/Wk 25y 

FDcseu ^v^srR3^7Ki'(c2o^ffl»iau 

fc. £fi£3m 1 O^IieA^iC^U3 OtKTl^flfl 

^^«»15Mg/ral (ftKBtt) 
tf 1»I3 A*3W««Ctt» L3OtT2-30 RBIE U 

[0 08 1] 
[£3] 



-9- 



m FpCRY3 0-AK 



Y 3 0 — AK<t^£ Lfc 0 

[0 0 8 2] ^7^; KpCRY3 0-AKlC.fc 

»)«lfC»*nfc^U^^Ty *A - 77/UMJ 2 
3 3-AKIS, ^Io<|fMlT8l#3^Ii 

: ttUMI*»l 2 6 5 8^ (FERM P-12 
6 5 8) fcL-C#t££*l-Ct^6. 

[0083] mmws 

KpCRY30-AK^)$ttt 
gftSS^A^ifil 0 0m 1 £5 0 Ora 1 &^fty?X=x\Z 

^at, 1 2otti 5&mffl£tm\.tti><D\^ mm 
m 4 -o»fc»it(EiM*^ i/^^ry!>A'77^AM 

J 2 3 3-AK£*S1§U 3 0lC(c:T2 4«fRIS«»* 
SrfTofc^ RfcfcLTWJ^fcAWil OOmI *r5 
0 0ml$Hft77^3l:MU 12 0t-C15M 
lm 1 mc*) SOcells 0>M£»lCft£ 

«t 5K«rau mc< 3 oxxzx 2 4 tifmm&m&z ft 

-fv'VSrl 5/tg/ml ^l^-e^LfcA^ifeR^» 

mu<o Amm *m v ^x^® l ^ ic-£ftifc# 

[0O8 4] :^)^, ^^^^fc^tf^ft] 

[0085] mmme 

mm ^7^^1.4%, kh 2 

P0 4 0. 0 5%, K 2 HP0 4 0. 0 5%, MgS0 4 - 
7H 2 0 0. 0 5%. C a C 1 2 • 2 H 2 0 2 p pm, F 
e S0 4 • 7H 2 0 2ppm, Mn S0 4 ■ 4-6H 2 0 
2ppm, ZnS0 4 - 7 H z O 2ppm t NaCl 2 
ppm, I^tfy200n/K fT;>«HCl 
100/ig/K **f*;8L0. 1%. ^©ni^^o. 1 
%) 100ml?r50 0m!§E^77^='l:^ ^ 
IS (fc£H& pH7.0) Lti7*l/tf/^r y #A • 7 
y/<2* (Brevibacterium flavum) M J 2 3 3-AK 
(FERM P-1 2 6 5 8^) ^Wt-^ 
^n-;*£:5 g/ 1 Oftft(C/£$J: 5 tCJDx, 3 0TCIC 
T2 0Btfi»SH**rfTofc o 







«JW»f>t-<0^S$ (kb) 


BcoRI 
Bamfil 


2 
1 


8.6, L7 
10.4 



loose] ^i:, *mm#tb sssfc 

7^-!)A2.3%, KH 2 PO 4 0.0 5%, K 2 HP 
0 4 0. 0 5%, Mg S0 4 • 7H z O 0. 0 5%, Fe 
S0 4 • 7H 2 0 2 0 p pm> Mn S0 4 • 4-6H 2 0 
20ppm« etfV200Mg/K fT^'HC 

i ioom/u ^;ysfeo.3%, i^7> 

0.3%) <O1 0 0 0ml£2 1 *»«««Mf iCfta 

mm (i 2ot\ 2o^fi) fiffinii«i[«o2 

0ml £*JPL-C OOOrpm, il^t ft 1 v 

vm^tBMSSX:, pH7. 6lCT2 4R$n«?t&fTo 

[0 0 8 7] »*»T», «Hft5 0 0ml^»W 

« C (NH 4 ) 2 S0 4 2g/l ; KH 2 P0 4 0. 5g/ 
1 ; KH 2 P0 4 0.5g/l ;MgS0 4 - 7H 2 0 0. 
5g/l ; F e S0 4 - 7H 2 0 2 0 p pm ; Mn S0 4 
• 4 ~ 6 H z O 20ppm;f7^ ^&§fc& 1 0 0 a g 
/I ; pH7. 6] (7)1 000m 1 

& 2 1 »a*at#«ictt»* % ^a-* 9 g *«hp u 

X> [sHE8fc3 0 0 r pm x S^lftO. 1 vvm, *&&3 
3^. P H7. 6lCT2 4*BJEl6*rffofc 0 
[0 0 8 8] »S3»T«, m&»m (4 00 0 r p nu 

[0 0 8 9] :«^7Mi«5 0 0ral Sr. & 

Btt3*fctL L-JJi^WUHWBU ft**/-** 
L-y^VOJe*S:*fffl**fc 0 *<D&^ 4 0 0mg 

[0 0 9 0] *fc&0?£L-C IrI«cO*#«CT, :/ 

l^tf^^^-r y ?A • 7 7/U (Brevibacterium flavu 
m) MJ-233 (FERM BP- 1 4 9 7) 
U B*o*ftlcT^S*fc«±»«+G> L - 5 
«:SftLfc. ±»i«»*(DL-y^>^j«ft 
ttO. 6 g/1 X&ofc. 

[0 0 9 1] 

[ft 5] 

IB 1 ] *»»|or^/</w K-t*53t€ 
[0 2] *#$asfcii. 7kb©*»WDNAifr©lfi 
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SEHftJgofcftoflWB. lit 2 l ] 

Val Ala Leu Val Val Gin Lys Tyr 61y Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

Gly Asn Asn Val Val Val Val Cys Ser Ala Net Gly Asp Thr Thr Asp 

35 40 45 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

Glu Met Asp Het Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

Gly Ser Gin Ala Gly Val Leu Thr Thr Clu Arg His Gly Asn Ala Arg 

100 105 110 

He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

Lys lie Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

Ut2Z<Z>2] 
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Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

He Ala Gly Ser Met Glu Asp He Pro Val Clu Glu Ala Val Leu Thr 

240 245 250 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

Ala Glu He Asn lie Asp Het Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 
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Arg Ala Met Clu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

Gly let Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

lie Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Clu Ala Val Val Tyr 

405 410 415 

Ala Gly Thr Gly Arg 
420 

Ut 3 -tO 1 1 
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GTC CCC CTC CTC CTA CAG AAA TAT GCC GGT TCC TCG CTT GAG AGT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC GTC OCT CAA CGG ATC GTT CCC ACC AAG AAG GCT 
Glu Arg lie Arg Asn Val Ala Clu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 

CCA AAT AAT CTC GTC GTT GTC TGC TOC CCA ATG GGA GAC ACC ACG CAT 
Gly Asn A3n Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAC CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC CTT CCC CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG CAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 
Glu Het Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GCT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 
85 90 95 

GGT TCT CAG GCT CCT GTG CTC ACC ACC GAG CGT CAC GGA AAC CCA CCC 
[{b3*©2] 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

ATT GTT GAT GTC ACT OCA GGT CGT GTG CCT GAA GCA CTC GAT GAG GGC 
lie Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT A AG GAA ACC CCC 
Lys He Cys He Val Ala Cly Phe Gin Cly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACC TTG GGT CGC GGT GCT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT GAC COG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg lie Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC ACC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
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I^u Glu Lys Leu Ser Phe Glu Clu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC AAG ATT TTG GTG CTA CGC ACT GTT GAA TAC GCT CGT CCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC CTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT GCC GGC TCT ATG GAG GAT ATT CCT GTG GAA GAA OCA GTC CTT ACC 
He Ala Gly Ser Met Glu Asp lie Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

CGT GTC CCA ACC GAC AAG TCC GAA GCC AAA CTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GCG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 
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GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CCC TCT GAC GGA CGC 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 

300 305 310 315 

OCT GCG ATC GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC 

Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC CGC AAA GTC TCC CTC GTG GGT CCG 

Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

CCC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA GCT CTG 

Gly Het Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 

Arg Asp Val Asn Val Asn lie Glu Leu lie Ser Thr Ser Glu He Arg 

365 370 375 

An TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT GCT GCA CGT CCA 

He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 

380 385 390 400 

CTG CAT GAG CAG TTC CAG CTG CGC GGC GAA GAC GAA GCC GTC GTT TAT 
[<H3*<D5] 

Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

GCA GGC ACC GGA CGC 
Ala Gly Thr Gly Arg 
420 
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mm 

GTG GCC CTG GTC GTA CAG AAA TAT GGC GOT TCC TCG CTT GAG ACT GCG 
Val Ala Leu Val Val Gin Lys Tyr Cly Cly Ser Ser Leu Clu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC GTC GCT GAA CGG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

CCA AAT AAT GTC GTG CTT GTC TCC TCC GCA ATG GGA GAC ACC ACG GAT 
Cly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT COC GTT CCG CCA GCT CGT 
Clu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG GAT ATG CTC CTG ACT GCT GCT GAG CGT ATT TCT AAC GCT CTC 
Glu Met Asp Net Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

CGT TCT CAG GCT GCT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Clu Arg His Gly Asn Ala Arg 

100 105 110 

ATT CTT GAT GTC ACT CCA GGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
lie Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CCC 
Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Clu Thr Arg 

130 135 140 

CAT GTC ACC ACC TTG GGT CCC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
H5 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

CAC GGC GTG TAC ACC GCT CAC CCG CCC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 
190 195 200 
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TCC AAG ATT TTG CTG CTA CGC ACT GTT GAA TAC GOT CGT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC CGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT GCC GGC TCT ATG GAG GAT ATT OCT GTG GAA GAA GCA GTC CTT ACC 
He Ala Gly Ser Met Glu Asp lie Pro Val Glu Clu Ala Val Leu Thr 

240 245 250 

GGT GTC GCA ACC GAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GOT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly lie 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCC AAG GTT TTC CGT GOG TTG OCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTC GAA 
Ala Glu lie Asn lie Asp Bet Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT GAC GGA CGC 
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Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Cly Arg 
300 305 310 315 

CGT GCC ATG GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu lie Leu Lys Lys Leu Cln Val Gin Cly Asn Trp Thr 

320 325 330 

AAT GTC CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
Asn Val Leu Tyr Asp Asp Cln Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA OCT CTG 
Gly Het Lys Ser His Pro Gly Val Thr Ala Glu Phe Bet Glu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn lie Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG CAT GCT GCT GCA CGT GCA 
He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
330 385 390 400 

CTG CAT CAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 
Leu His Glu Cln Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 
405 410 415 

GCA GCC ACC CCA CGC 
Ala Gly Thr Gly Arg 
420 
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E9J#9 : 1 
E?i|©g£ : 1263 

t&ww. : mm 
mom : -*ss 

E?iJ®ffeH : Genomic DNA 

: MJ233 
E?tJ<Z>#& 
^a*^-rie^ : peptide 
: 1-1263 

E?"J 

GTG GCC CTG GTC CTA CAG AAA TAT GGC GGT TOC TCG CTT GAG ACT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CCC ATT AGA AAC GTC GCT CAA CGG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg lie Arg Asn Val Ala Clu Arg lie Val Ala Thr Lys Lys Ala 
20 25 30 

Ut5*<D2] 
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CCA AAT AAT CTC CTC GTT GTC TCC TCC CCA ATG CCA CAC ACC ACG CAT 
Cly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG CCA GTG AAT CCC GTT CCG CCA GCT CGT 
Glu Leu Leu Clu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG CAT ATG CTC CTG ACT GCT GCT GAG CGT ATT TCT AAC GCT CTC 
Glu Met Asp Bet Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

GTC CCC ATG GCT ATT GAG TCC CTG CGT CCA GAG GCT CAA TCT TTC ACG 
Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GCT TCT CAC GCT CGT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 
Cly Ser Gin Ala Cly Val Leu Thr Thr Clu Arg His Gly Asn Ala Arg 

100 105 « 110 

ATT GTT GAT GTC ACT CCA CGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GCT TTC CAG GGT GTC AAT AAG GAA ACC CGC 
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Lys lie Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CCC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

GAC GGC CTG TAC ACC GCT GAC CCG CCC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Net Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC AAG ATT TTG GTG CIA CGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

CTG CCA CTT CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 
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ATT CCC GGC TCT ATG GAG GAT ATT CCT GTC GAA GAA GCA CTC CTT ACC 
Do Ala Gly Ser Met Clu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

CCT GTC GCA ACC GAC AAG TCC CAA GCC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GCG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

CCA GAA ATC A AC ATT GAC ATG GTT CTG CAG AAC CTC TCC TCT GTG GAA 
Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

CAC GGC ACC ACC GAC ATC ACG TTC ACC TGC OCT CGC TCT GAC GCA CCC 
Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

CGT GCG ATG GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TCC ACC 
Arg Ala Met Glu lie Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
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Asn Val Leu Tyr Asp Asp Gin Val Ciy Lys Val Ser Leu Val Cly Ala 

335 340 345 

GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA GCT CTG 
Gly Met Lys Ser His Pro Giy Val Thr Ala Glu Phe Het Clu Ala Leu 

350 355 360 

CCC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu lie Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT GCT GCA CGT GCA 
He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

CCA GGC ACC GGA CCC 
Ala Gly Thr Gly Arg 
420 
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(54) Tx^h*^-— tft3-K+*it&?-DNAaDP*a>Wffl 
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[«MSl ^l/^r^A - 77^AMJ-2 3 3 
D N A A Lfca!) ^S*B«l^"C«KiiJi"5Jti^^7 
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(E. C. 2. 7. 2. 4.) «:3-K+*iBfis^DNA. 



7/<J* (Brevibacterium flavum) M J 2 3 3T*&5S8 

Mfci] 



GTGGCCCTGG TCGTACAGAA ATATCGCGGT TCCTCGCTTG AGAGTGCGGA ACGCATTAGA 60 

AACGTCGCTG AACGGATCGT TGCCACCAAG AAGGCTGGAA ATAATGTCGT GGTTGTCTGC 120 

TCCGCAATGG GACACACCAC GGATGAGCIT CTAGAACTTG CTGCGGCAGT GAATCCCGTT 180 

CCGOCAGCTC GTCAAATGGA TATGCTOCTG ACTCCTGCTG AGCCTATTTC TAACGCTCTC 240 

GTCGCCATGG CTATTGAGTC CCTGGGTGCA GAGGCTCAAT CT7TCACGGG TTCTCAGGCT 300 

CGTGTGCTCA CCACCGAGCG TCACGGAAAC GCADGCATTG TTGA7GTCAC TCCAGGTCGT 360 

GTGCGTGAAG CACTCGATGA GGGCAAGATC TGCATTCTTC CTGCTTTCCA GGGTGTCAAT 420 

AAGGAAACCC GCCATGTCAC CACGTTGGCT CGCGGTCGTT CTGATACCAC TGCAGTTGCA 480 

TTGCCAGCTC CTCTGAACGC TGATGTGTGT GAGATTTACT CAGATGTTGA CGGCGTGTAC 540 

ACCGCTGACC CGCGCATCGT TCCTAATGCT CAGAAGCTGG AAAAGCTCAG CTTCCAAGAA 600 

ATGCTGGAAC TTGCTGCTCT TGGCTCCAAG ATTTTGGTGC TACCCAGTGT TCAATACGCT 660 

OGTGCATTCA ATGTGCCACT TCGCGTACGC TCGTCTTATA GCAATGATCC CGGCACTTTG 720 

ATTGCCGGCT CTATGGAGGA TATTOCTGTG GAAGAAGCAG TCCTTACCGG TGTCGCAACC 780 

GACAAGTCCC AAGCCAAAGT AACOGTTCTG GGTATTTCCG ATAAGCCAGG CGAGGCTGCC 840 

AAGGTTTTOC CTGCGTTGGC TGATGCAGAA ATCAACATTG ACATGGTTCT GCAGAACGTC 900 

TCCTCTGTGG AAGACGGCAC CACCGACATC ACGTTCACCT GCCCTCGCTC TGACGGACGC 960 

CGTGCGATGG AGATCTTGAA GAAGCTTCAG GTTCAGGGCA ACTGGACCAA TGTGCTTTAC 1020 

GACGACCAGC TCGGCAAAGT CTCXXTTCGTC GGTGCGGGCA TGAAGTCTCA CCCAGGTGTT 1080 

ACCCCAGAGT TCATGGAAGC TCTGCGCGAT GTCAACGTGA ACATCGAATT GATTTCCACC 1140 

TCTGAGATOC GCATTTCCGT GCTGATCCGT GAAGATGATC TGGATGCTGC TGCACGTGCA 1200 

CTGCATGAGC AGTTOCAGCT GGGCCGCGAA GACGAAGCOG TCGTTTATGC ACGCACCGGA 1260 

CGC 1263 
■C/T^fixSr^h^t-f <E. c. 2. 7. 2.4.) ZStrDN AZ&ft~rz>m&x.77 * % Ko 

Ut2] -C/T^^r^/^h^t-f (E.C. 2.7. [&#JS8] ?;Vzi-*Z s Hl^7£ttO=i !J ^9 

2.4.) S:a-Kt«H5^DNA. »*OJ»*»»X»i«flc«ifflte^:««$*r L- ]) is> 

mxm 6 1 1 - 4 w ^tiM^Micomm- 1 0 0 0 1 1 
DNAt =»*mmwftvmmmmmmzmz&&-T i&m±o>mm&m r*^uh 
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(E.C. 2. 7. 2. 4.) fca-K+Site^fcStra!) 

mewl-** 

[00 0 2] L-])iS>ft, &mT$/»t\*xm&'K 

[0 0 0 3] 

**, znmmm&m. *mmm&st&#*m^xL- 

5 1-2 1 0 78f^«, »^BB5 3-1 83 3^ 
ttL »^BB6 2-8 6 9 2 *4MMM*J»] • 
*.«t«v^fc»il*t>«*SftXV^ [#BPS5 6-1 
609 97^1. #B8Bg6 0-6 2 9 94*4*SL ft 
M6 2-7 9 7 8 8^M#i] Q LfrVttftb* 

[0 0 0 4] — * % T^^Uh^— fe? (E.C. 2. 7. 
2.4.) Sr=«-Ki-5afipT-t LTtt, i'>x!)t7- 
= y (Escherichia coli) A^Ifif [Journal of B 
iological Chemistry, 2 5 6 , pl0228 — plO 
2 3 0, 1 9 8 1#RR] *sj:<WS£**tTV^ 0 

r?j*i&&mmtox<oTX'V\'h*i'-- * (e.g. 2. 

7.2.4.) £ LTtt, /<?7U* • Ir^* (Bacillus 
subtilis) , 3y^/^ri)!)A«^^A (Cory 
neform glutamicuiD) ^j&SfcKbJvCV^S [Journal of Bi 
ological Chemistry, 2 6 2 , p 8 78 7- p879 
8, 1 9 8 7; Molecular Microbiology, Sj p 1 1 9 
7-pl 2 04, 1 99 1#1], L^Wt,, ^1/ 
\*/<#*r V - 77^^ (Brevi bacterium flavum) 
S*OT^/^h#t^ (E. C. 2. 7. 2. 4.) «r = 

[0 0 0 5] 

*awfr**or^/<A'h^— < (E.C. 2. 7. 2. 
4.) *3-M-*afiMriWtU Rae^£l*l!«T 

b9»M& l - y ^vsrBser 6 r t 

[0 0 0 6] 



[00071 K LT*»WI21 <fcfttf> 

( 1 ) ay m*<DTx v * i—a & * - 

Hi-^ae^DNA ; 

(2) BS&f DN A^ASJlfcEfti^^ ? 
K ; 

(3) MBft*.:77*5 K-«I6iSJifc3y*i 

(4) mmeiiiit a y ^amMv\ 

£18** £ ITL-y 
[0 0 0 8] WT, **Wlcov^r$e>fc»Hlk:RM+ 
[0 0 0 9] #3&0J<£> r7^^h*t-f*3-Kt 

fMn-rsw*. l-4tofer^^h*^-< (e.c. 

2.7.2.4.) «r3-K1-6»e-7-DNA«:it*"i'5t> 

(DXhz* 

[0010] r^/wh*-^— ^sr=— K-rsae^* 
z<ommm\#8:JZ£titz'&\c&^xtt 

oft*** Lxtt, ay*a»i, ^icy 

l/f/^fy #A • yy/<J± (Brevi bacterium flavu 
n) MJ 2 3 3 (FERM BP-1 4 97) :&«fct/*:<0 

[0011] rixbo^M»^d>P>A»f^SrPIK*t- 

6 : AWrfrli, ±BB3y*fBJ»«. «^u^f 
y^A*77^AMJ-2 3 3 (FERM BP-14 
9 7) *<Ojfe6#±fc#ftL, £<0»fe»£a«S*MR 

[0 0 12] jfc1\ ^l/^^fU - 7 7/UMJ 
- 2 3 3»(0««W^»ift#DNA«:*(Ht5. 
SfefcftDN A*ai5ft*JI«»*, (flx-tfE coRI^ffl 
v>"Cjfefe*DNA«r^c»M;-r5 0 

[0 0 13] #bii6DNAifrSr^B-=:y^^ 
— „ ftlxtf pHSG3 9 9 (^«36») ICffAl, 

fc*B8i§ (xi/xytr • ^y) ^cgscso7 

^ — (Escherichia coli Genetic Stock Center) , *f 

>f (Department of Biology, Yale University) ; P. 0. B 
ox 6 6 6 6 New Haven, CT 0651 1-744, U.S. 
A. «*#■*] U am»(cMti^t 
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[0 0 14] nhtl%r*'&ft&&£*)7 : 7*^ KDNA 
WfcT/^ry *A • 77/UMJ-2 3 3#&fc#£fe5fc 

[0015] a>< ux»e>ii*Ai»>i-sr*?>fca^/isw 

[0 0 16] '&bfrZJ&'Kte&ft£V77X$ KDNA 

Si 



ls\+s<9?\) ?A • 77^MJ-2 3 3lfc$k£.tt63fc 

[00 17] £0*3fcLT»&ft*A«fr^-oWt. 
±B^Hf/^fy *A • 77/UM J -2 3 3*fcO& 
fe#DNA«r«B»*Ec oRl^MD¥ia^») 

hu $e>ic**i*«i»#*Nr u i vmrrzztic 

[0 0 18] r.tf>#Jl. 7 k b©r^^h*t-^t 
3-K+a*g^££frDNAWr>i-&, 

I2£ 1 ic^-fo 
[0 0 19] 

Ki] 



Dra I 1 
Hinc II 2 
Hind III 1 

fctfci M %T if n y vMMUJclMs £tf5%/Kyr^ 
[0 0 20] r^^Jt-trj^Sj 

K<D*#$t* % r^n-^y/vs^»i&^^5a^i- 

II. xVxDtr -3^7^77-^ ( A phage) 
ODNA«rMI«»*Hi nd I I IT^KfrLT^ft 
5»fl!W8IODNAl»r^-7^n-^^±t© 

/wrs Ky^t«*»«rfflv^»^K«:. x^ytr 

• 3!)W77^f -^y^^l 7477-^ (0x174 
phage) ©DNA^JMHa e I I 1 "CSHRLT 
»P>*t5»^*R*D<DDNA»fW<DlS]-sK!;r^y/vr 

s Ky^±"c<D*»rai-c»^ix4«!iii«cs^t, » 

KfDNAWrM-Xtt^7^$ WDNAHW^^ 

*#S«r*P»tr*ae>5o fc*3, »DNA*rJt-<D*#* 

tt. l%Tifo-^y^«ftSc»JCJ:oT»€)n6»* 
£&fflU #J0. 1 k bd»e>i k b*»<0Brfro*t* 
icov^rii4%^yr^ y^rs Ky^mstifcl&ic^o 

[0021] — JiSB^yu-tr^^r y £A - 77^ 

AM J -2 3 3©Jtefe{^DNA4:«!lliW3UN ruI-E 



«»«rfr©*t$ (kb) 



0,2, 1.5 
0.3, 0.6, 0.7 
0.4, 1.2 

mi. 7kbCDDNAWr^JCOV>"Ctt, *:<Oj&£E?iJ£ 
/7^U>UC1 18^tlipUCl 19 (^S3i 
TO frAV^^^^^U^KKMfe (dideoxyc 
hain termination fe, Sanger, F.et. al. f Proc. Natl. A 
cad.Sci.USA, 7 4, p5463, 1 9 7 7) \z£ 

1. 7 k bCDNAifroaafi^^^y-f-f 

9, 4 2li(D7^^^-mi 26 3^SM 
[0 0 2 2] 

tf&a-Ki-Sfcfi^&^trDNAIWm* 35« 

y*a*»«*fe#DNAd^»it$tifct>o<o^ 

*>1\ iiftffiV^ftSDNA^jS&ff, 

Systenrl Plus£J!IlvC^j«Sftfcfc<D"C*>oT 

[0023] gri2^<^utr^^7 i y ca . 7 

7^AMJ -2 3 3 0jfefe#DNAi»b»#**lS*« 

^Tt>£< v *^tt*ffclc||[«*$#A$nTV^-ct>J: 
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[0 0 24] £k±\ZVmi,1t*:$Ztmi. 7 k bOD 
NAK«-w«IRS«HcJ:5«0Wj{Si»H«rHUC^+ c 

10 0 2 51 &&m<DTX/^h*1—' K1~5 
Sfc J f££tfDNABftf (A^) tt, ££ft:/7*5: 

So 

[0 0 2 6] ^^TX^/l^h tf^3-~ 

[0 0 2 71 **WOAifr«riAt6i fc^-C* 5, 

-2101 84#&«{£i2#*>:^*S KpCRY3 
0 ;#0f)¥2-2 7 6 5 7 5 ■f-fclSfciSfc^T'?* S K 
PCRY21, pCRY2KE, pCRY2KX, pC 
RY31, P CRY3KEWpCRY3KX;#W 
1-1 9 1 6 8 6 ^m^WiCD^y * * KpCRY2 
WpCRY3 ;^PIBS5 8~6 7 6 7 9^«fci&* 
(D p AM3 3 0 ; #0Pg5 8-7 7 8 9 5^«JC|B« 
©pHMl 5 1 9 ;#S&g5 8 - 1 9 2 9 OO^SII 
£t«pAJ 655, pAJ61 lMpAJ 18 4 
4 ;#&8Pg5 7-l 34 5 00^-iClB^OpCG 1 ; » 
0HBB5 8-3 5 1 9 7#4fc*UCgB**>pCG2 ; #§P8 
57-18379 9^$BtCia4fetf>pCG4&tfpCG 

[oo2 8i ^Tbay^amaoik^-^^-x-c 

L<, ^9*5 KpCRYSO, p 

CRY 2 1 „ p C R Y 2 KEs pCRY2KE x pCR 
Y2KX, pCRY3K pCRY3KEOTpCRY 

[0 0 2 91 ±12^7^^ K^<** — pCRY3 0£W 

X (Brevibacterium stationis) IF012144 (F 
ERM BP-2515) Kp BY5 0 3 

KOMKOt^TfiMMW 1-9 5 7 8 
5^«*IR) DNAtrMUU f&JPK&i&Xh o I 

ae^*£tfDNA«fr*:W!>fflU MHHMlEc oR 
!*5j:C^Kp n I 2. 1 k bOD:/7*5 K 

^jc^kWte^^sae^^tpDNAw^^wou 



"T. Cixe><Oi«iWfr*^7^$ KpHSG 2 9 8 (SS 
mm OEcoRK K p n 1 S a I I fttffclc 

*a^&t?r tic J: 9, w^-pcry3 0 

[oo3o]2fc(c ±ia^7^^ v^?*-^<D*&m 

<OA»r>fco?9Att:, 09*tf:/?* S K****-* tc lfi 
Br«tf#aEi"S«ll»»«tt*, ttMRIMl-?HSU 
-tC^M3BAK«-*5Jct|tBBStfc^7^^ K"***-*r 

*fcl»S<CTy^^-DNA<0#«ETlc:DNA 

So 

[0 0 3 1] 7*7^^ KpCRY3 0^*^<Z)Ai 
K-0>»Att, ^9^5 KpCRY3 0«r«IBR»*Eco 
R I -CB§S?£it\ t:u:|IBr^ tffca- 
Ki-*ae*-**trDNA«fr (ABrtf) £DNAy# 

[003 2] roJ:5fct"C36*$tb*^7^5 KpC 

R Y 3 0 (C*XIRft>** *i«1.7kb OA^^ 

3S^#6ter*l£:7*7*^: KpCRY3 0-AK£A£ 
Lfc„ 7*7^; KpCRY3 0-AK©f£fifc&fcOSBW 

[00 3 3] £0£3icL?2tt&h,*r;*s<A'h*-^ 
ft*. 

[0 0 3 4] *^l:J:5/7^>: K-CJKKteftUpS 

7^A-77/UMJ-2 3 3 (FERM BP-1 
4 9 7) % 7*H^/^7!)^A-77^MJ-2 3 3 
-AB-41 (FERM BP-1 498) , 7*U^ 
^ry!>^"77/<AMJ-2 3 3-ABT-ll (F 
ERM BP-1 500) , -?U\?/<9T X ) ?y 
/<AMJ-2 3 3-ABD-21 (FERM BP-1 

499) m#mtfbti&. 

[0 0 3 5] ft*5, ±|2tf>FERM BP-1 4 9 80 
FERM BP-1 4 9 70fMI^ttt 

DL-a-7;; &mm*m&mz.tt* $ tut*. 9 / 
-A^rcttfR^tt-efea mwm 59-28398^ 

$&3§3~4fll#H&) 0 FERM BP-1500 

<D3Sf*J*. FERMBP- 1 4 9 7«»it 
fcL-a-75/Mh7W^t- IfiKISttCMk 
"CfoS (#§808 6 2-5 1 9 9 . £ «b 

FERM BP- 1 4 9 9©I*|4FERM BP- 
1 4 9 7<0®«e$:^t LftD-a-T* /mmy'T* 

•r—emmmtuMt-ch* mmws 1-177993 
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10 0 3 6] z.frb<ofo%m<r>mc. 7lsVs<?TV> 
A • T y^-Ty^^ (Brevi bacterium amrooniageno 
s) ATCC6 8 7 K P]ATCC 1 3 7 4 5, PAT 
CC 1 3 7 4 6 ; ^U^r!)^ • rv<y fc^A 

(Brevibacterium divaricatura) ATCC 1 4 0 2 0 ; 
/l/lT/<^f!J^A-7^ F7r-^y^A (Brevibac 
terium lactofermentum) ATCC 13869 ; 
/^f'J £A • tf?i>#%-tiJ* (Cor ynebac terium glutam 
icum) ATCC3 183 1^i»4«5^LT^^ 

[0037] ft*3, ®3it LT^wtr^ry *a • y 

Mt^^^U'pBYSO? (ft|fjBg6 3-3 6 7 

pBY50 2^it2»:^ i I*U\ *<D&ot£? 
KpBY5 0 2»*m&tLTIl ^x. 

[Bact.Rev. 3Ji p. 3 6 1-4 0 5 (1 97 2) • 

ft] o -hfa^v ^ U' P BY502 & A»«i:iR**-ra 

[0 0 3 8] Ig^t'br^xy *A • 7 7^AMJ- 

W (*&: 0. 2-50iig/ml) t>L 
l)^o> K 0. 2-5 0Mg/ml) 

tr#JftUi, 1 m 1 ^tJifcji 0«lcft£J:?K:4imu 

+ 4. **»**3R«*^««[J^»*L, ft 3 

5 KttMM£«TV\ /7XU'pBY5 0 2m^ 
ftTi>6#*a&-r*. ^©WflMCJ: 5 KpB 

Y5 0 2*5^$jxfc^ r U'^^^y !>A • 77^AM 

j-2 3 3&*m#aM#e>ns 0 

[0 0 39J r^J^tcLT^bft^u-ev^xy ? 
A - 77/UMJ-2 3 3*3feS#^coi»iB:/7;* 5 K 

~7-;frp Htf9Ko^Tto6ftT^3J:5fc [Calvi 
n, N. M. and Hanawalt, P. C. , Journal of Bacteriolog 
y, 1 7 0 , 2 7 9 6 (1 9 8 8) ; Ito, K. , Nishid 
a, T. and Izaki. K. , Agricultural and Biological C 
hemistry, 5 2 , 29 3 (1 9 8 8) #JR] , DNA$ 
mW~-<Ds<;l>*fcT&m [Satoh, Y. et ah. Journal of 
Industrial Microbiology, 5, 1 59 (1 9 90) # 
ft] Kb*)??** K**A1-*£ k&im-tbZ. 

[0 0 4 0] ±&<Dj7&Vmnm&LXfthtlZ>TXs< 
^T^y £A- - 2 3 3 6**©«f«*«fe4r 

[004 1] JftgttttJML ftJML «HMft«*«tr9 



at*/-*, *9J—fr* MHMW« 

7K**y <>a % m^^v9A«^Av>&n4&« :o 
[oo4 2] m. ram*. 

ftTfc, #j2 0~jfo4 0t, WL<^2 5t-j^3 
1 0. »*U<tt7-8#ifii1-Sri:^-ef . J£** 

o p HPi&tt&xi*7/w;*> y urn ?wi 
[oo43] mmmtfif%<Dmmmm&K* » * t < i* 1 

— 5^4%, I{C^l<li2-3gf%t$)^ * 
fc, aaBBIWttii#l-7HIB^i-5Ci:3ftST#. ^® 

[0 0 4 4] r©J:9JCLT»e>ilS«ai*A>€>#4r«r 
[0 0 4 5] L-y^&ftKttlc&trvci*, ^*i£>o 
»*X«t»»»*i: LT, fcat*r**ft&&iB3ftJfl» 

fcBSfliL-OB^s eta*?**. EA-Lfca^fclotw 
-eraser rf(Mia»j <ti^5. 

[0 0 4 6] l^LT«^«t^ JOl^a— 

[0 04 7] ^a^2:lBtll^ttWt:«itt 
WC, #£L<lijft2 0-Hfo4 0t\ #Kft2 5~#)3 

5 TCicjs^Tfrft *s-c# a. 
[004 8] $L&+Z> L - y K^ftft:^ 

[0049] 

[0050] gSffigU 

^U-f^^xy *A • 77^AMJ-2 3 3*5K<OT^ 
(AKM-) 0^n->fb 

(A) z/UKV^xy »A > 77^MJ - 2 3 3^ 
£DNA<Pjftffi 
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¥£fifc«M*SAifc» [|tyft:SX2g. (NH 4 ) 2 S0 4 7 
g, K 2 HP0 4 0.5g> KH 2 P0 4 0.5g, MgS 
0 4 0.5 g, F e S0 4 • 7H z O 6m g, Mn S0 4 
4-6H 2 0 6mg, ^x^2.5g, 

5 g . wy2oo/i g. Iif7;y2 0 0/i g . 
//V3-^20g, liTKl 1] l lie, ;/utv^^ 
!i!>A-77/^MJ-2 3 3 (FERM BP-14 
9 7) TJgllU M**r«fcfc 0 » 

e*tfcBl(*«: lOmg/ml tf>»£t::y A**tr 
10mMNaCl-20mMh!i ^ WMK ( P H 8 . 
0) -ImM EDTA-2Na»«15mll:iHBl 
fc e &lC;/nv^-lfK£. 1 0 0/x g/m 

iMaipcMu 3 7t-eii$iH«i&Lfc. 

tote (5, OOOXg, 2 0#Kk 10-12<C) U 

/Co 7KS^^^/-/uigora^fiR5E-r5DNA«r^7^ 

y #WcDNAtCl OmMhy^iS^ (pH7. 
5) - ImM EDTA-2NaM5ml 4 

[0051] (b) mBMtwtm 

±12 (A) TO^l/^^rD^A^^AMJ 

-2 3 3^dna^9 0m i zmmmmEc oR 

I 5 Ounits 3 7tTC 1 BMBKft:* 

f&LtZo C(OEcoRI^DNAi:^n--y^ 
^PHSG399 (^jg^i^miR) M^lEc 

ori vmmvttm. blv >mt&mvtzh<o&m& 

U 50mMF'j7« (pH7.6) , 10mM>> 
l~fl*—A\ ImM ATP, lOmMMgCl 
2 WT 4 DNA y # — £ 1 unitC9#J5fe#£r$$DL 

[0052] (C) T * h £ a ~ Kg 5 

ytr-^ycGsc 5074 

(thr A1101, lys C1001, met L 
1 0 00) thZ [ ( ) ft&TX'<;i'h*i—itmte 
*m (Genotype) $r^-T] 0 ±fE (B) ^ST^kftfc ^ 
KM**JflV\ &fc#/l->*Aj£ (Journalof Mo 
lecular Biology, 5 3 , 159, 1970)fcJl9l?iI 
IBai^zc!; t7 • 3[)CGSC50 7 4^»^ 
L> ^7A7x^-/V5 0mg£^tfji|R#J& [K 
2 HP0 4 7 g. KH 2 P0 4 2g. (NH 4 ) 2 S0 4 1 



g. Mg S0 4 • 7H z O 0. 1 g. ^3-^2 0 g& 

[oo5 3] z<omm±<o£mwz%miz£vm#mm 

/I^TP^/cirr^ /7^; KpHSG3 9 9(Dl^ 
2.2 k bODNA^ttx:, &£&3. 8 k b (DftA 
DNA»JMS»fcfc*tfc. 

[0 0 5 4] K£pHSG3 9 9-AKtA 

[0 0 5 5] (D) T^^/Vh^— Kj-£ 

atc^ar^trPNAWA}- (a) Bg^j^o^^vg; 

±12 (C) ^f;/7^^ KpHSG39 9-AK|C 
^ftSDNAjfABrtfS:. &mit&#1£V\Z/mik't 
Z>tztb\c s -fy*^ KpUCl 1 9 CZMi&XVTtim 
^T^^h+t- 1?£=i-h1-5il^£^tpDNA 

[0 0 5 6] ±IB (C) KpHSG3 
9 9-AK»^|EcoRK Nru ITSWrUfc 

KpUC 1 1 9£f&JPg6*3fE c o R 
K Sma It«U^>©^U 5 OmMh y * 

(pH7.6) v lOmMm^K H/K 
ImM ATP. 10mMMgCl 2 MT4DNA!J 

mm-?hz) > i 2t:^i 5^nRt&^. 

[0 0 5 7] ^?>H^^7^^ KattfrJHv\ iH^A- 
(Journal of Molecular Biology, 5 3 , 1 5 

9, i 9 7 o) ic.fcOiiijfa^v'^y tr • ^ y cg sc 
50 7 4Mig!E»u ryf^yysomg^ 

Wi[K 2 HP0 4 7 g> KH 2 P0 4 2g. (NH 
4 ) 2 S0 4 1 g, Mg S0 4 * 7H z O 0. 1 g, f/Uzi 

-x2o & RVM?i 1 6 g 1 1 imm 

L'/b.o 

[0058] z(omm±(o^^^m^x *) m&mm 

m^Xm^tzkZZ, 7*7 KpUCl 1 9 <D& tS 
3. 2 k b (ODNAWtmztiQz.. 1 . 7 k b <OftA 

[0 0 5 9] zizi.mvmcT'T-xz Y*z&m®mm% 

[0 0 6 0] 
[^2] 
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1*2 :75X5FpUCl 19-AK 



K«rpU 



BaiH I 1 

Bgl II 2 
Bind III 

C 1 1 9-AK^^L/c. 

100 6 1] )^±tw«fc»9rx/^h^1—if^3-Ki- 
5Xfi?<rfttr^d^|S|i. 7 k b©DNA0ftf (E 

coRl-BamHIlit) ^5:^^#fc e 
[00 62] H%fl]2 

H2feHi<o (d) a-ewfeftfcr^^h*^— 

fco**t\ *rtf>££ffi?(!£:/7*5 KpUCl 1 8£fc 
Ilpucii9 (£■&■) *m^**J*?***s%9*' 

34"^" (dideoxy chain termination i£) (Sahg 

er, F.etal. , Proc. Nat. Acad. Sci. USA 7 4 , 54 6 
3, 1 9 7 7) ^J:9H2H^Lfc«*BlCttoT*^ 

[0 0 6 3] t^ttlEHf^-^y y 

^yStSra-K-f 41 2 6 3 0**»J:9*rt*nTt> 

[0 0 6 4] 
[ft 4] 

£3fcflj3 

RY3 0©M 

(A) KpBY50 3<P|S$g 

/7^^ KpBY5 0 3tt % 

f^^lF012144 (FERMBP-251 

5) a>e>#»£*ifc#^SJfci o^^hy©^7^ 

S KT*>0, #0B¥l-9 5 78 5^#fcIB«<D < fc5 
IcLTPiKLfco ¥£ri»*A*tt [ftS2g, (NH 
4 ) 2 S0 4 7g, K 2 HP0 4 0.5g. KH 2 P0 4 0. 
5g, MgS0 4 0. 5 g, F e S0 4 • 7H 2 0 6m 
g x MnS0 4 -4-6 H 2 0 6 m g , Hftx^ 2 . 5 

g, #ifs/ifc5g, efty2oo/i g , Eg&^rs 
y200n g, ^3-^2 Og&^ffiTKi l] i i 
^ ^utr^^^y 1>A • I FOl 2 1 4 

Omg/ml «5»*icy y^-A*^tf«« 
1 OmMWEDTA, 5 0mM^-x]. 2 0m 



wmK<r>-k*i* (kb) 



4.9 

4.2, 0.6 
3.6, 1,2 



XV -SDS®. [0. 2N NaOH, 1% (W/V) S 
DS] 4 0ml»U «^lCftSltX*(a<CTl 

t5M|»*y^S«6 0mU Ritl 1 . 5 m K 
^©7K2 8. 5ml iOjE^«] 3 0ml*KAlU 

m. i s . o o o x g <D&b$M\cMi s ±.mmz& 

[0 0 6 6] Zft,lZ%jk<7>7 * S ~~ uuib>VJ*m 
«Lfc«K ifrMS'fcfcU £fiT"C5£ffl* 15,00 

o x g (DS*H>»»cAwt. l^o 2^ 

mcD^t ;-;v%m?L* -2ottinmin« 1 4<c 
■e i oara, i 5, o o o x g<0B*&#Wc*tt. et» 

[0 0 6 7] tt»£«ffi|S;»&, TE®tr& Iblxi 
OmM, EDTA 1 mM ; HC I |CtpH8. 0 ICEB 

2ml«Lt »**fc»fcir*>*AS» [5 
»»*<OTE««f»l OOmllClfbt^Al 7 0 g 
Sr**$-frfclft] 15raltl0mg/mlxfi?r)A 
KMlml^Mt, CKfrl. 3 92 g/ 
mll^ft. r.O»«Srl 2TC-C4 2«Flffl % 11 
6,000 x g^a^dt^rlTofco 
[0 0 6 8] 77^^ KpBY5 0 3liM»I«l:J: 

/7^u>by50 3 *^tf #mmzfttt 0 

[0 0 6 9] *^-CZ<D#UK*1f*0<< % ;T$A'TA' 

piaTf^^^^ KpBY5 0 3^trB«f« 
I- 3 Mi»^ h y » A^^rS^»« 3 0 mMlCtt L 
2^S^^/-/V^x. -2 0tlW|L 

fc„ rotBK* i 5 , o o o x g oftbdfUcjNtTD 

NA£ttft£-t*\ 7*7^ ^ KpBY5 0 3£5 0// g# 

[0 0 7 0] (B) /7^; K^^-pCRY30 

^7^;KpHSG 298 0.5/iglCft) 
©Sl^Sa 1 I (5units) £ 3 7 t 1 MR|K£ £ * , 
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77** KDNA&^£K#ft?Lfc 0 

[oo 7 li g^ia (a) m-zmmisizyyxz k p by 

5 0 3(O2^gi:ffl^XhoI (lunit) £3 7t: 
fee H#<0^7^^ KDNAj>«|*«ra*U WBR** 

ft. KjlcS«ft+OlK«^*MUt2: 5 OmM 

hy^g®ipH7.6, 10mMMgCl 2 . 10m 
M^ftXl/>f h"^K ImM ATPWT4 DNA 

y lunit icfc* £?K£j&ft£r&{bU 16<C 

[00 7 2]iflH»30/ig/ml 
tf>#^>f'»\ lOO/ig/ml (ftlWS) OIP 
TG Wy^oe;i/-^-D-ft^7^M^7/^ 

K) lOOi/g/ml OX-gal (5- 

^□^-4-^ a a- 3 — f^KD A'— f$ —D — jfy ? 

YV7/*sY) «r-&tpL#* (hil/^lOg, #ft 
x^75g, NflCl 5gMSi*ll, pH7. 

2) -C3 7t:icr2 4^in»*u £W**£LT^ib*l 

fet©tl«U K«rT/W*y-SDSjfe 
[T. Haniatis, E.F. Fritsch, J. Sarabrook, "Molecular 
cloning' (1 9 8 2) p90-91#i] (Cj;*>»ffi 

[0 0 7 3] -tOJS*. 7*7^^KpHSG298(DS 
a 1 Ig^lC^^^^ KpBY503W^4.0k 
b <DmfttfWA£tltc77 *SKpHSG298-or 
i #»*>tl1t. 

[0074] mzmm<nj}mzmi<\ stria (a) ^-c^ 

Mxfc:/?*5 KpBY50 3DNA^W^Kpn 
lRXfiE c o R I fcTte«LT#&*L**J2. 1 k b CO 
DNABr)i-£±ie:7*7*5 KpHSG2 98-o r i <D 
KpnlMEcoRI»:^n-=i^U 
S K^^-pCRY3 0«rWHUfc. 
[0075] 3Hfc«4 
^7^ 5 Kp CRY 3 0 - AK<Of^J*Rl/3 y *fflJW» 

ISteM!® (C) «T?»b*tfc:77*5 KpHSG39 
9-AK 5m g&MMHREc oRI-Nr u I 
5units fflV\ 3 7t;-Cl^raRJffi:$*»»Lfct>0 
^BamHl!)^- ttfijt J: 9 m«E) 1 m 1 fcfi 
£U 5 0mMhy^« (pH7. 6) > 1 OmM 
m^MF-/K ImM ATP. lOmMMgC 
1 2 *5«fct*T4 D N A 9 IS*— H 1 unit 0>#JiK#£*5flD 
U (#^«>»ie«:*»»*-e*>6) , 1 2^-01 51$ 



[0 0 7 6] rcoDNA&ftJPRUKtB a mH I 3units 
^t>3 7t-cm«^»U^^ SSffi 
#I3<0 (B) ^W:^7^U'pCRY30 1 
It g£fB)i®§**BamHI limit *:fflV\ 37t"Cl 

W% (pH7.6) , 10mMm^WK/K 1 
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ttlB©A«Hftl 00mlS:500ml &=&7yX^{C 
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1 lOOjig/K *1f 5 /S?0. 3%> B«3L*;t 
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[0 0 8 7]^fHm #*»5 0 0ml 
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[0 09 1] 
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Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

Glu Het Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 
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Leu Ala AJa Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 J70 175 

Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

lie Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

[<k2*r<D3] 
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Arg Ala Met Clu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

Arg Asp Val Asn Val Asn He Glu Leu lie Ser Thr Ser Glu He Arg 

365 370 375 

lie Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

Ala Gly Thr Gly Arg 
420 
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GTC GCC CTG CTC CTA CAG AAA TAT GGC GGT TCC TCG CTT GAG AGT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC GTC GCT CAA CGG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

GGA AAT AAT GTC GTG GTT GTC TGC TCC CCA ATG GGA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC GTT COG CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATC CAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 
Glu Bet Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 
85 90 95 

CGT TCT CAG GCT CGT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 
Hfc3*©2] 



-14- 



Gly Ser Gin Ala Cly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

ATT GTT GAT GTC ACr CCA GGT CGT GTG CGT GAA CCA CTC GAT GAG GGC 
He Val Asp VaL Thr Pro Gly Arg Val Arg Glu Ala leu Asp Glu Gly 

115 120 125 

AAC ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CGC 
Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TIG GGT CGC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTC GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC ACC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
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Leu Gtu Lys Leu Ser Phe Glu Clu Bet Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC AAG ATT TTG GTG CTA CGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC CTA CGC TCC TCT TAT AGC AAT GAT OCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT GCC GGC TCT ATG GAG GAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 
lie Ala Cly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

GGT GTC GCA ACC GAC AAG TCC GAA GCC AAA CTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly lie 

255 260 265 

TCC GAT AAG CCA GCC GAG GCT GCG AAG GTT TTC CGT GCC TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

Ut3*0>4) 



-16- 



GAC CGC ACC ACC GAC ATC ACC TTC ACC TGC CCT CCC TCT CAC GGA CGC 
Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

OCT GCG ATG GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Cln Cly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG CGT CCC 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Cly Ala 

335 340 345 

CCC ATG AAG TCT CAC CCA GGT GTT ACC CCA GAG TTC ATG GAA GCT CTG 
Gly Het Lys Ser Bis Pro Gly Val Thr Ala Glu Phe Bet Glu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT GCT CCA CGT CCA 
He Ser Val leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 

Ut3Z<DS} 

Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

GCA GGC ACC GGA CGC 
Ala Gly Thr Gly Arg 
420 

Ut4 t©l 1 
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[K*'l] 

GTC CCC CTC GTC GTA CAC AAA TAT CGC GGT TCC TCG CTT GAG ACT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC GTC OCT CAA CGC ATC GTT CCC ACC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 

CCA AAT AAT GTC GTG GTT GTC TGC TCC GCA ATG GGA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC GTT CCG CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG CAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 
Glu Met Asp Met Leu Leu Thr Ala Gly Clu Arg He Ser Asn Ala Leu 
65 70 75 80 

CTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala let Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GGT TCT CAG GCT GGT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Clu Arg His Gly Asn Ala Arg 

100 105 no 

ATT GTT GAT GTC ACT CCA GGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CGC 
Lys lie Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Clu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CGC GGT GGT TCT GAT ACC ACT CCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TCT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg lie Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Het Leu Glu Leu Ala Ala Val Gly 
190 195 200 

Hb4-&©3] 
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TCC AAG ATT TTG CTC CTA CGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA C7T CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT GCC GGC TCT ATG GAG GAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 
He Ala Gly Ser Bet Glu Asp lie Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

CGT GTC GCA ACC GAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GCG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTC GAA 
Ala Glu lie Asn lie Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT GAC GGA CGC 
Ut4Z<04] 
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Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Cly Arg 
300 305 310 315 

CGT GCC ATC GAG A7C TTG AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT CTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
Asn Val Leu Tyr Asp Asp Cln Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA OCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Net Glu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT CAT CTG CAT GCT GCT GCA CGT GCA 
He Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC CTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 
405 410 415 

GCA CGC ACC CGA CGC 
Ala Gly Thr Gly Arg 
420 
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E5>J#^ : 1 
E?i|©fi£ : 1263 

mo& : r*st 

ffi^ij©fil« : Genomic DNA 
ISM. 

: MJ233 

<$S££-f IB^ : peptide 
#£(fc® : 1-1263 

GTG GCC CTG CTC GTA CAC AAA TAT GGC CGT TOC ICC CTT GAG AGT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

CAA CGC ATT AGA AAC CTC GCT GAA CGG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Clu Arg lie Val Ala Thr Lys Lys Ala 
20 25 30 
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GGA AAT AAT CTC GTG GTT GTC TGC TCC GCA ATG GGA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC GTT CCG CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG CAT ATG CTC CTG ACT GCT GCT GAG CGT ATT TCT AAC GCT CTC 
Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

GTC CCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GGT TCT CAG GCT GGT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CCC 
Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

ATT GTT CAT GTC ACT CCA GGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CGC 

UtS%<7>3] 
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Lys lie Cys lie Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CCC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg lie Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC AAG ATT TTG GTG CTA CGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

CTG CCA CTT CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 
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ATT GCC CGC TCT ATG GAG GAT ATT CCT GTC GAA GAA GCA CTC CTT ACC 
lie Ala Gly Ser Met Glu Asp lie Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

GGT GTC GCA ACC GAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GCT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Cly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GCG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

CCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu He Asn He Asp Net Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT GAC GCA CGC 
Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

CGT GCG ATG GAG ATC TTG AAC AAG CTT CAG GTT CAG GGC AAC TGC ACC 
Arg Ala Met Glu lie Leu Lys Lys Leu Gin Val Gin Cly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
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Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser 

335 340 
GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe 

350 355 
CGC CAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC 
Arg Asp Val Asn Val Asn He Glu Leu lie Ser Thr 
365 370 375 

AH TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT CCT 
lie Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala 
380 385 390 

CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA 
Leu His Clu Gin Phe Gin Leu Gly Gly Glu Asp Glu 

405 410 
CCA GGC ACC GGA CCC 
Ala Cly Thr Gly Arg 
420 

[iai] 



Leu Val Gly Ala 
345 

ATG GAA GCT CTG 
Met Glu Ala Leu 
360 

TCT GAG ATC CGC 
Ser Glu He Arg 

GCT GCA CCT CCA 
Ala Ala Arg Ala 
400 

GCC GTC GTT TAT 
Ala Val Val Tyr 
415 
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